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ABSTRACT ' 

•- This document consists of data which highlight trends 
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highlighting the changes noted. Among^the findings reported are: (1) 
a reduction in total suspended particulates &nd»s.uifur dioxide 
concentrations in urban air; (2) a continual reduction in the extent 
of natural land areas in the United States; (3) a dramatic ^change in 
the patterns of land use in the U.S. (such as human settlements 
locating in areas once avoided because they were too hot or cold); 
and (4) changes in the condition of the land due to natural and/or 
human factors. (JN) / 
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Introduction 



Never again will there be a timeNn this 
country when Americans wiJI not have io 
worry about and work hard to protect and 
improve cur environment. To succeed in 
;h;s task, -.ve need to nave and to share as 
much information as w»p can *about" what is 
happening n the many areas 1hat make 
uo the environment. 

Etwronmental Trends is an eftori toward 
tnal goal, it grew ou? of a realization tha?. 
trie Council wanted to make available 
more detailed information about environ- 
mental trends than could be included in 
thr? Courier's annua! report. 

We inrtiarfy considered putting together , in 
cooperation with other government agen- 
cies, a single index of environmental 
quairty. an environmental GNP. We scon 
.found. thai no single measure and no 
single index could tel.* us in a meaningful 
and valid way what She state of the envi- 
ronment Vvas and whether or not it was 
improving. 

What we dd was organize the best data 
we could find to highlight trends in all 
sectors relevant to environmental policy. 
We selected data on air quality, water 
quality, radiation, toxic substances, land 
use and land conditions, parks, energy 
production and use. wildlife, solid waste, 
-lany v'h<~" nrr -15. 

Tne result is Environmental Trends, a' 
.ollection of charts, maps, and text that 
record key changes in the environment 
and in related social conditions. Environ- 
went?} Trends is intended io CO a n?;tsr '\il 
bnef ir ] hooK thsui brings to life the many 
nomoers and fig that measure envi- 
onmenlai quality 

/ 

/ t. 



As work t ,-gan on Environmental Trends, 
we realized that the range o? topics to be 
covered was endrmous. The number of . 
statistical series was even larger. There 
wpre otten many measures of change, or 
none. Many series did not measure quite 
what we were seeking — environmental 
changes associated with economic wel- 
fare, human health, recreational opportu- 
nity, aesthetic appreciation, and concern 
tor ecological diversity and stability, it be- 
came our- task to sort out the useful from 
the tess useful and bring together the. 
most important and informative date on 
environmental conditions and trends that 
cou'd be found. 

Five criteria were used.to help judge the 
usefulness and adequacy of the statistic-: 

(1) Relevancy — that a statistical series 
provides data, wherever possible through 
direct measure, on a major environmental 
concern. 

(2) Selectivity— that as few statistical 
series as possible be used to measure an, 
environmental issue. t 

(3) Availability— that the statistical 
series be taken from data available in 
government agencies, private studies, or 
the literature of a given discipline. 

(4) Statistical quality— that the data be 
checked by experts to ensure that they 
are? reasonably valid measi/res cf environ- 

lontai condition, 

(5) S: Dpe of coverage— that national 
data be used whenever possible, with 
breakdowns shown only when especially 
meaningful. 
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Improving environmental statistics is an 
evolutionary process. The agencies of 
government that collect and assemble 
environmental statistics^are continually 
revising old series and developing new 
ones. We hope that Environmental Trends 
wiSJ be a useful tool in helping to develop* a 
consensus on some of the most important 
statistical series for measuring environ- 
mental quality, by highligfiting^gaps in 
needed information and by strengthening 
the quality of existing series. / 

What, then, does the information in Envi- 
ronmental Trends tell us? Has the quality of 
the environment improved in recent years? 
In what areas <s change most noticeable? 

Perhaps the greatest progress has been 
made in con jolling pollution. Concentra- 
tions of many pollutants are showing 
measurable decline. 

Total suspended particulates and sulfur 
dioxide concentrations in urban air have 
been reduced. ' 

Concentrations of suspended solids and 
biological oxygen demand are declining in 
many wate»ways. 

There has been a marked reduction in 
the flow into the environment of DDT and 
other persistent organochlorine pesticides 
and of PCBs; of vinyl chloride * ; . ben- 
zene; of asbestos; and of mercery, lead, \ 
and other heavy metals. 

High concentrations of these and other 
chemicals in Wildlife hav« declined, as 
shown by samples taknn ;«•;., the 
count v 

vVh.'O number of sources of radia- • 
tion are increasing, there has been no 
significant increase in the exposure of the - 
general population. 

\ 
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But pojiL-^robtems remain. Although. 

loads are Deing reduced, they ar 
also being dispersed over long distances 
and deposited huncreds oi niilps away 
from ihe source. 

Other forms of air and water pollution, 
sucr as photochemical oxidants ano 
nitrogen oxides in urban air, respirable 
particulates in indoor atmospheres, and 
toxic substances in water, are proving to 
be mor^ serious thap-once believed. For 
many, of ihese problems, statistical trends 
ere limited'or are not available. ' 

As the charts Environmental /"rends 
shew, there has been a continual reduc- 
tion in the exten! of natural ! and areas in 
the United States 

Wetlands, virgin forest, native grassland. ^ 
esluarine habitat, and other distinctive or 
unique habitat have been and continue to , 
be lost. They have been lost mainly as a 
result of expanding and suburbanizing 
populations, expanded transportation sys- 
tems, new settlements, dispersed industry, 
-and increased demand lor recreation 
sites. But the rate of decline in natural 
areas may slowr 
! v ]y\ji ■ man/ ftow national 
nc ,,, $ have ueen established, 
jerness a eas have been designated, 
wild and scenic rivers have been identified 
and maintained, and many other areas ' 
ha^e been given some protection. 



There has been a continual loss of * 

4 biological diversity. 

Although very few species of verte- 
brates have been officially declared extinct, 
during the past 30 years, tee hasten a 
loss of diveisjly within ecosystems as a 
resyikjf greater standardization of agricut* 

iural, forestry, and fishery practices and oi 
other intensive uses of land and water. It 
appears thai the long-term evolution that 
built complex; integral stable ecosystem; 

. is being reversed, 

' Steps are being taken to stow this loss 
of diversity- Many more wildlife species , 
are being given threateneo or endangered 
status, and habitats critical fp their survival 
are being protected. And, there is an 
increasing awareness that a much more 
' systematic and comprehensive effort is 
needed to identify and protect fragile 
ecosystems. But the loss of diversity goes 
on. 



Patterns of land use in the United States 
are cnancinc dramatically. ' 

. Human se%ments.jecreationjites 

and second homes, industry, and energy 
exploration are being located in many 
areas that were once avoided because 
they were .too hot (the Southwest), too cold 
(Alaska), without water (the Southwest), 
subject to high risks frocn natural hazards 
(such as steep mountain slopes and hurri- 
cane risk zones), or inaccessible (such as 
isolated coasts and the underwater con- 
tinental shelf). 

These trends are changing rural life and 
greatly influencing ihe extent, location, and 
quality ol the remaining natural areas cf 
the.ccuntry. 

The condition of land is also changing. 
Natural erosion, shifting vegetation, and 
wildlife expansion end decline continually 
change the condition of the land, But, 
apart from great storms and volcanic 
eruptions, nothing can change it as dra 
• 4 «'r - ar ;s rapidly as people. 

,sion — once thought to be mostly 
: control-has be wije a serious 
pUem in manv parts of the Midwest. ■ 

Many arid and semiaind lands are 
rapidly becoming deserts, as a result of 
Overgrar findcyerrultivahon. 

More {ham half the rangetandsof the 
INed States are not meeting their poten- 
tial for growth of vegetation, usually as a 
result of overly intensive human use, 



On a global scale, four life-sustaining 
'biological systems-croplands, forests, •. 
grasslands, and fisheries, the sources of ali 
food and many raw materials for indus- 
try-are being considerably burdened by 
increasing numbers of people and the 
accelerating demand for resources. 

In particular, tropical moist forests, arid 
and semrarid !:nds, and some of the most 
productive croplands are^ being changed in 
use or in quality as people seek-to teed . • 
themselves and provide a better life. 

For decades, in fact, since the beginning 
of this Nation, America/is have believed 
that She quality of the environment was 
dependent solely on natural cycles. Nature 
gave and nature took away, It was our job 
to make the best use cf the resources 
available, and they were plentiful. We now 
have greater powers either to destroy or. 
improve the environment. Resource availa- 
bility and quality are greatly determined by 
the policies we follovj. And those policies . 
m turn are greatly influenced by how well 
we understand the many areas that make 
up the environment, Immm® Trends 
is one effort to add to our understanding 
and share what we have found. 
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Chapter 1 



People 
and the 
Land 



The United States is the fourth largest 
country in the world both in land size and 
population. ; 

It contains more than 3.5 million square 
miles of land and, in mid- 1979. 220 million 
people. 

It incorporates ihe major meteorologi- 
cal, topographical, and ecological areas of 
the eanh. 

Its land is rich and exceedingly diverse. 
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Physical characteristfcs 
ol the United States 




•1-2 

Climatic zones 
of the United States 




The South extends from Maryland, south to 
Florida and west to Texas. The climate is 
humid subtropical except for the southern ; 
tip ol Florida and the Keys, which are the : 
only trbpifal areas of the United States. 
The Appalachian Mountains and their 
slopes dominate the cenlcalpart of the ". 
region, Much of the peripheral area is- 
coastal or other lowland. Some of the' 
most productive U.S. lands are aiong the 
southern coastal area, lands that are v 
•habitat lower one-third of the threatened 
and endangered species in the United 
States. 

The Northeast, from Maine to Pennsyl- 
vania, is primarily in the humid continental 
■climatic zone, with short, cool summers 
and moderate annual rainfall. Much of the 
land was once glaciated and is charac- 
terized by rocky soil Its population density 
; is the highest in the United Slates; but foe 
region retains thousands of acres of 
wilderness. • . 
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Total population, 190IT-1976, 
and projected to 2025 
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Population growth rates, 
1900-1978 
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..' The population of the United States is 
growing by about 1 .7 million each year. 
• "• -Total growth is p'rojected at 42 million for . 

• ■ the remaining years of the 20th cenk*. 
. According to the Series 2 projection, the \ 

■ • . population.will reach 260 million- in the 

. '■ .year 2000; 

.... E3*The three iprcj^ctionr^eries are based . ~ 
Y on different assumptions about the level of 
: , completed cohort fertility, that is, the ' • 
* v ^average, number of births a woman has in 

Most of the 220 million people in the her lifetime. Series 1 assumes^ total : 
United States live in urtan areas* Nearly ' fertility of 2.7 births per woman; Series 2, , * ; 
three-fourths (73%) live in cities and towns 2.1; and Series 3, 1.7.. In 1878, the rate 
of 2,500 or more, This means that 73% of W asi;8 .. 
the people liveon less than 2% of the / . ' ' - ; 

• ■ 18 il mm 



The popuiation appears to be growing 
inexorably — the tines on the charts seem 
afwa>rs to go.up, but the rafe of growth 



D Three distinct soclarphenorne'na ; ; :;||§ 
infiuence the rate of population growth: 
the birth rate, the death rate,; and the rate Jv| 
has declined. In' 1978, It was only 0.8%. If of Immlgratbn^ In'redeni 
current trends continue, zero population : rate has dropped torts lowest i^tbutfvs 



growth— the point at which the. population • the death rate has'remairied rela^ i&m 
: simply replaces itself— could be reached 'steady. TTfe immigratton rate is noleasi^2| 
by the year 2025. determined Registered immigrants'-- Vv; J 

: The main reason for this decline is the ' , number about 400j000 per year- rM mar^^ 
decrease in the number of births. On the . 
average, women now have only 1.8 -| % 
children; In 1940, the average was 2.5. In • 
the late 1950s, it-was 3.6. 



are not counted in the official statistics of >| 
the Immigration and Naturalization " J. • ! 4; 
Service, Estimates of the unregistered ■ , : \l 
immigrants run as high as 1.4 mion per, ' ^ 
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The fastest growing regions of the country 
are, the South and the West; The South is 
the most populous as well. For the first 
time in history, more people now live in 

the'South and the West than elsewhere io 
Mhe country. The main reason for this . 
regional shift in population growth is 
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and 1978, 



1*10 

Population In urban and rural areas, 

1900*1950, and In metropolitan 

and nonmetropolltan areas, 1050-197^ 
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Most pecple in the United States live in 
large metropolitan areas, which for the • 
purpose of measurement are identified as 
Standard Metropolitan Statistical Areas 
(SMSAs). In 1978, about 67% of the 
population lived in SMSAs. 



□ An SMSA is an area with an urban 
center of 50,000 persons or more, includ- 
ing the county containing that center and 
neighboring counties closely associated 
with the central ^area by daily commuting 
ties. SMSAs contain not only urban areas, 



which occupy 10% of'^the land,, but also 
open space, forests, recreation areas, } ; , 
parks, and cropland. - 
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. ®u 
Metropolitan areas with popmgiion 

increases of 20% or more, 19^0-1977 



4$' 



Si, 



Fort 

Cbffms • 



Greeted- 



■ i 



Colorado Spnngs 



Son 



' ' .Albuquerdue I 
. Ph ocn,xj J { v 



Fayetteville 

! 



T «csbn 



tEJ Paso " ' 



Temple 



Austin 



s J\j\j t lr™nglon 



\ v . 

l>a Panama ■, „• »r 



Anchorage 



. 'Bryan / PascagoOla. 

• . a J r ^X % EST" Oatne^vf > a n*> 
Houston L.^rso V u y _ __i • 



Brownsville 



FortMyefS\^ » rort tau de<da\e 



The metropolitan areas that are growing 
the fastest are in the South and West. In 
contrast, almost all that are losing 
population are in the Northeast and North 
Centrai States. 

Of the 40 fastest growing areas, -12 are ' 
in Florida. 



The increasing migration to the South 
and West and the rapid movement to 
coastal areas during the 1960s and 1970s 
severely strain area resources, particularly- 
wildlife habitat not previously affected by 
manmade structures or economic and 
social development. 



further, there is^very indication that : * 
some ecosystems, particularly in arid and % 
semiarid regions of the West and wetlands 
of the South, are more sensitive to charlge 
and modification than those of the plains, 
forests, and croplands of the East and kL„ 
North..-- . "• " : :*V: 
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Population growth rates ■ # . 

in metropolitan and nonmetropolitan 

counties, 1950-1977 



millions) 

Metropolitan counties 




Clearly, the USTpwuiation is shifting 
from large city living to smaller and 
medium-size city and suburban lite. In' 
1930, for example, almost 12.2% of the 
population lived in cities of 1. million or 
more. By 1 970, the figure wa*j 9.2 % ; by 
1976, it was estimated at 8.3 Vo. 



Average annual 
rate of ^growth 
in percent 




1950-1980 



^ Xosl of the peop\ejr\6v\ng out of the cities 
i are moving to the sObufe^ 
going to more rural lareas, so many that : c 
nonmetropolitan counties gained 2;7" mil- :\ 
lion people from migration l^tween>i970 
"and .1978. For the first time>, in U.s; history, 
' nonmetropolitan .counties; arc grcwlng^- 
faster thart metropolitan counties/^ : ■ ;-- v.; 
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Population change 
in nonmetropolitan 
counties, 1970-1977 



The sbift from cities and suburbs to more 
rural areas is taking place in afttiost every 
State, but it is pronounced irr the Ozarks. 
the Tennessee Valley, the Texas hint 
"country, northern 'Michigan, and the 
Rockies. 

It is too soon to tell if the movement to 
nonmelropolitan counties will merely 
create new centers of rapid population 
growth' or le.ad to a more scattered land - 
use pattern that could be called rural 
growth. 



28 



t 



Sources and technical notes 



If population trends continue, there will be 
about 260 million people in the United 
States in the year 2000. Three-quarters ol 
them are expected to live in 29 distinct 
urban regions. 

An urban region is a large area domi- 
nated by metropolitan and urban centers. • 
and containing at least 1 million people. 1 ■ 
An urban region is not a super city, 
Rather, it is defined by a relatively dense , 
population and one or more metropolitan , 
areas, with park, recreation, crop, and 
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Physical characteristics 
of the United States 

Ihe national atlas ot the United Stales of 
Arnica, U.S. Geological Survey (Washing- 
ton, D.C., '1970), p. 61. 

1-2 • 

Climatic zones of the United States 

Climatic chart of the world, U.S, Air Force, 
Aeronautic Chart and Information Center jSl 
Louis, Mo., 1965), reprinted from World atjas: 
ftiysicai, political and economic, Edward B. 
Espenshade, Jr., ed. (Chicago; Rand McNally 
and Co., 1957). Copyright by Rand McNally 
and Co, R.L8im 

Koeppen's classification of climates is 
r based on monthly and annual averages of 
temperature and precipitation. Each climatic 
division is designated by a series of letters. 
Thelirst letter corresponds to one of five 
major divisions; A, rainy climates with no 
winters; B, dry climates; C, rainy climates 
with mild winters; -D, rainy climates witl) ■ 
severe winters; and E, polar climates with no 
warm season, 

A second capital letter subdivides two of 
the .five divisions: BS, dry grassland or , 
steppes; BW, desert; ET, tundra; and EF, 
continuous frost, 

Small letters are used to indicate seasonal 
variation in temperature and precipitation; f, 
moist; w, winter dry; s, summer dry; a, hot 
summers, temperature of warmest month is 
greater than 71 .6°F (22°C); b, cool summers, 
temperature of the warmest month under 
71.6!F(22°C), but with at least four months 
above 50°F (10°C); c, cool short summers, 
only one to three months above 50°F (10°C); 
and so forth, For further details, see An out- 
line of geography, Prestoa E. James (Boston: 
Ginn and Company, 1943), pp. 370-379. 

Population distribution, 1970 

Graphic summary of the- 1910 population 
' cerisus, U,S. Bureau of the Census (Washing- 
/ ton: ; U5GP,0, 1973), suppl rep, PC(SI)-55, 
p, 15/ 

.The 1970 census definition of urban popu* 
lation includes places with 2,500 or more 
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Total population, 1900-1978, 
and projected to 2025 

1900-1977; Statistical abstract of the 
Med Stales: W8, U.S. Bureau of the 
Census (Washington: USGPO. 1978), fable 2, 
p. 6. 

1978: Current population reports, U.S. 
Bureau of the Census (Washington: USGPO, 
j}978), series P-25,n. 729, ' 

1980-2025: Current population reports 
(Washington: USGPO, 1977), series P-25, n. 
704, table D, p. 6. 

Data are as of July 1 of the year noted. 

• Data for 1900-1978 exclude Armed Forces 
overseas, 

Projections to 2025 include Armed Forces * 
overseas., 

1-5 

Population growth rates, 1900-1978 

1900-1909; Statistical abstract ot the 
United States; 7976. U.S. Bureau ol the 
Census (Washington: USGPO, 1976), table 2, 
P-5. 

1910-1969: Current population reports, i 
U.S, Bureau of the Census (Washington: ' 
( USGPO, 1973), series P-25, n! 499, tables A, 
' 4, pp. 1, 11, in Social indicators, f9ft U.S, 
Office of Management and Budget (Washing* 

* ton: USGPO, 1973), pp. 246, 249. 

1970-1977; Statistical abstract of the 
United States: 1978 (Washington: USGPO, 
1978), tabje 2, p. 6. 

1978: Current population reports (Washing- 
ton: USGPO, .1978), series P-25, n,729. 

Rates are based on a the population change 
during ^e calendar year as a percentage ol 
the midyear population. 

Prior to 1940, data exclyde Alaska, Hawaii, 
and Armed Forces overseas, except for 4 
1917-1919, when Armed Forces overseas 
were included; 

Beginning in 1940, data for total U.S. 
population include Armed Forces overseas. 
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Population, by region, 1950-1978 

1950-1959 Current population reports. * 
U S Bureau of me Census (Washington: 
USGPO. 1965). series P-25, n. 304, table 2. 
p. 10 

1960-1969 Current population reports 
(Wasningion- USGPO, 1971), series P-25, n. 
460. -^le 1. p 8. 

1970^1976: Current population reports 
(Washington _USGPO. 1976). series P-25, n. 
727. table 3, 'p. 7. 

1977-1978: Current population reports 
(Washington; USGPO, 1978). series P-25, n. 
790, table 1. p. 2. 

1-7 

Population growth rates, 
by region, 1950-1978 

See 1-6. 
1-8 

Population density along major 
coasts, 1976 

Statistical abstract of the United States; 
1978. U.S. Bureau of the Census* (Washing- 
ton: USGPO. 1978). table 7. p. 10. 

19 

Increase in population density 
along major coasts, 1940-1976 

t ' See 1-8. 
1-10 

Population in urban and rural areas., 

1 900-1 S50, and in metropolitan 

and nonmetropolitan areas, 1950-1978 

Urban and rural: Historical statistics of the 
United States, colonial times to 1970, O S. ' 
Bureau of the Census (Washington^fciSGPO. 
1975). p. 12.. / 

Metropolitan and nonmetropofitan, 1950 
and 1960: Statistical abstract of\the United 
States- 1976, U.S.' Bureau of the\Census 
(Washington: USGPO. 1976). tablM^p. 16, 
1970 and 1978: Current population repvcls, . 
U.S. Bureau of the Census (Washington: 
USGPO. 1979), series P-20, n. 336. table 19, 
p. 34. 



Each Standard Metropolitan Statistical 
Area (SMSA) is divided into two areas: 
"central city" and "outside the central city." 
The largest city within each SMSA is usually 
designated the "central city." The remainder 
of the SMSA is "outside the central city." 
This remaining area may include cities of 
50.000 or more and may be located in more, 
tharvone State. Areas of the country that do 
not meet the SMSA criteria are designated 
nonmetropolitan. 

In addition to the county or counties con- 
taining such a city or cities, contiguous 
counties are included in an SMSA if. accord- 
inq to certain criteria, they are socially and 
economically integrated with the central 
county. In New England. SMSAs consist of 
towns and cities rather than counties. 

The 1950-1978 data include residents of 
the 243 SMSAs as defined in the 1970 
Census of Population. The 1970 and 1978 
data include civilian noninstitutional residents 
only. 

mi \ 

Metropolitan areas with population 
increases of 20% or more, 1970-1977 

Current population reports. U.S. Bureau of 
■ the Census (Washington: USGPO. 1979), 
series P-25, n. 810, table 1. PP- 4-24. 

1-12 

Population migration, 1970-1978 

Current population reports, If.S. Bureau of 
the Census (Washington: USGPO, 1975). 
series"P-20, n. 285, p. 2. 

Current population reports (Washington: 
USGPO. 1978), series P-20. n. 331. table 1. 
p. 5. ' 

Details may not add to total because of 
rounding. 
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Population growth rates in metropolitan 
and nonmetropolitan counties, 1950-1977 

1950-1970: "The new pattern of nonmetro- 
politan population change," Calvin L- Beale 
and Glenn V. Fugui:\ University of Wisconsin. 
Center tor Demography and Ecology. 1975. 

1970-1977: "Trends in metropolitan and 
nonmetropolitan population growth since 
1970." Richard L. Forstail. U.S. Bureau of the 
Census, 1975. Current population reports. 
U S Bureau of the Census (Washington: 
USGPO. 1979), series P-25. n. 810, tables 6, 
7, pp. 30. 31. 

1-14 

Population change in nonmetropolitan 
counties, 1970-1977 

Sccial and economic trends in rural 
America, US3A Economics. Statistics, and 
Cooperatives Service (Washington, D.C.. 
1979), p. 13. 

1-15 

Urban regions, 2000 

Jerome P. Pickard, Appalachian Regional 
Commission, Washington, D.C. 

Two urban regions, the Lower Rio Grande 
Valley and El Paso-Ciudad Juarez, are inter- 
national ana include area and population in 
Mexico. 
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Chapter 2 



Critical 
Areas 

Critical areas are ecologically and cultur- 
ally important areas'that must be protected 
to maintain their natural or present condi- 
tion. They are unique or are in limited 
supply, and they are fragile. Without 
protection and control, they will be lost 
forever or Will be so changed that they 
can be restored only at considerable 
( expense in time and money. 

Five kinds of critical areas are exemined 
here: Wetlands, wild areas, psr 1 -:*. " storic 
places, and risk zones, where -.am 
communities are continually threatened by 
natural disasters. 



Wetlands 



24 

Natural wetlands, 1954 * 



Wetiancs occupy a unique niche'in the' 
ecology and topography of the land. Often, 
trey are tne small but very important 
transition areas wnere waier and land 
come together. 

Weilanos — tne marshes, swamps, bogs. 
pctho»s wet meadows, and river-overttow 
land-are lowlands that are waterlogged- 
or covered win stagnant or siow-moving 
water. They ems! m shallow lakes and 
ponds, aiorig river banks, and in coastal 
areas. 

Wetlands act as giant sponges Ihat 
absorb impurities, stabilize water flow, and 
provide a home for the many forms of life 
..'so important in the life cycles of fish and 
birds. More specially, they may provide ■ 
groundwater recharge, retention of surface 
water, stabilization ol runo!! (reducing Hood 
waters), reduction or prevention cf erosion, 
. creation of firebreaks, food for fish down- 
stream, and production of cash crops 
' such as timber, marsh hay, wild rice, blue- 
berries, cranberries, and peat moss. They 
act as natural purifiers of polluted water, 
with plants and animals living in the wet- 
lands reducing the excess nutrient load. 

Because their usefulness is not always- 
. obvious, many wetlands have been filled 
or dredged. Oniy recently has their impor- 
tance been recognized and measures 
taken to protect them. 



There are wetlands in every Staie.-but the 
most exfenste areas are in Rorida, akxg 
the lower Mississippi River, in the-towlands , 
of the' Atlantic and Gulf coasts, and in the 
forest and marshlands ol northern Wiscorv. 
sin and Minnesota. '• , v 
Original;, wetlands were found a^jng ' 
almost the entire Atlantic and Gulf coasts, 
but development has stowly changed 
many of these wetlands into dryland or 
navigable water, 
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States, 1850-1975 



24 .;. 

Use of filled wetlands, Maine ' 



Dredged spoil 
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Florida contains the largest acreage of 
remaining wetlands, roughly 20% of the 
U.S. total. 

Arkansas has lost half of its wetlands. 
• South Florida has lost a fourth of its 
wetlands in the past 20 years. State legis- 
lation passed in 1972 now regulates the 
use of wetlands, - . 



" Because of agricultural and industrial 
development, Louisiana's coastal wetlands 
are disappearing. A 1978 coastal zone 
management law regulates most uses of 
wetlands through a permit system. 
' Only a tenth ol Missouri's wetlands 
remain. ■. ,' f : 

Most of California's wetlands have been 
destroyed. Remaining lands are protected 
jy the 1972 Coastal Conservation Act, ■: 
which requires a permit for development. 1 . 



?! tosses in Delaware are leveling off as a 
result of strict control. No.heavy industrial 
development Is permitted in the coastal 



zone, v 



In Florida, wetlands are drained and 
tilled for res'dential and agntAral ujes, 
espoctally pasture land. Atong^the^fests ■ 
•sIppf.andlAMs.-^are •• : 



wetlands has occurred in the past 45: : 
years. Coastal wetlands are now partially 
protected through a law that requires pr- 
mils for dredging. 

- Tidal wetlands in New York are disap- 




Irl the North Central . 



States, 



1 



cropland, 
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slowed appreciably in.Nassau County 
through strict control ; y V 
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and coastal aroas, 1978 



Increasing numbers of States are develop- 
ing'legjslation and regulatory procedures 
to protect wetlands and coastal areas. 

Wetlands are also protected by Federal 
regulations and by Executive Orders. The 
two latest, issued in May 1977, require all 
Federal agencies to refrain from support- . 
ihg construction in wetlands when there is 
a .'practical alternative. 



affecting Ihe resource ■ , 

pM Federally approved 
T" 1 ** coaslal management 
plan 

[~"^ Slate permit required 
No state permit required 



Wetlands 




■Coaslal areas 




Sources and Technical notes 



2-V 

Natural wetlands, 1954 ; 

Wate, atlas of the United States, Water 
Information Center, Inc. (Port Washington, 
>J Y. f . -1973). plate 74. 

A Wetlands of the United States, Samuel P. 
'Shaw and C. Gordon Fredine, U.S. Fish and 
'Wildlife Service (Washington, D.C., 1956), 

cue 39. plate 21. • ' ' 

The map does not show approximately 1 1 
million acres of wetlands not specifically 
delineated. 

Data not available for Alaska and Hawaii.. 

The Fish and Wildlife Service, Office of 
Biological Services, is conducting the 
National Wetlands Inventory. National sum- 
\mary data are expected to be available in 

\ • • 
2-2 ; 

Total wetland acreage, 
presettlement to 1971 

WeHands of the United States, Samuel P. 
Shaw and C. Gordon Fredine, U.S. Fish and 
Wildlife Service (Washington, D.C.rl956j, 
arc. 39. pp. 6-7. 

"Inland wetlands: Their, ecologies role and 
environmental status." William Niering and 
" Richard Goodwin, Bull. Ecol. Soc.Amer. 
'55<2):4 (June v 1974). 

Data include 48 States only. 
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Wetland acreages, selected States, 
1550-1975 v 

Wetlands 6t the United States, Samuel P. 
Shaw and C. Gordon Fredine, U.S. Fish and 
Wildlife Service (Washington, D.C., 1956), 
circ. 39. p. 7. i * 

Florida State Planning Office, Tallahassee, 
unpublished data. ■ 

Cooperaf/Ve Gulf of Mexico estuarine 
inventory and study, Louisiana, National' 
Oceanic and Atmospheric Administration and 
Louisiana Department of Wildlife and 
Fisheries (New Orleans, 1971). phase I, area 
description, and phase IV, biology, p. 10. 

"Deterioration and restoration of coastal 
wetlands," S. Ni~ Gagiiano et'al., reprinted 
from Proceedings of 12th International Con- 
ference of Coastal Engineering, Washington, 
D.C. (Jackson, Miss.: The Gulf Coast Associ- 
ation of Geological Societies, 1970). p. 7. 

'■Versatile wetlands — an. endangered 
species," Peter Sullivan, Conservation News 
41(5):20 (1976), p. 5. ' . 

Supplementary report on the coastal 
wetlands inventory of Delaware, U.S. Fish 
and Wildlife Service (Washington:. USGPO. 
1965). ■ " 

'.'Search for wetlands," Kathi Jensen, 
Delaware Conservationist 1 9(1 6); 2 (1965). 

Cooperative Quit of Mexico estuarine 
inventory and study, Mississippi, National 
Oceanic and Atmospheric Administration and 
Mississippi Marine Conservation Commission 
(Ocean Springs, Miss.: Gulf Coast Research . 
Laboratory. 1973), pp.. 16. 179. 180. * ' 

Long Island marine wetlands: Status, value, 
and preservation potentials, New -York State 
Department of Environmental Conservation 
(Albany: Office of Planning Services, 1972), 
pp. 9-10. 



2-4 

Use of filled wetlands, Maine to 
Delaware, 1955-1964 

Fish and man: Conflict in the Atlantic 
estuary, John Clark (Highlands, N.J.: 
American Littoral Society, 1967), spec. p'ub. 
5. reprinted in The economic and social 
importance of estuaries, EPA (Washington: 
USGPO. 1971), p. E-7. 

2-5 

State programs protecting wetlands 
and coastal areas; 1978 

National Wetlands Newsletter, Environ- 
mental Law Institute, v. 1, n. 3 (February 
1979). 

Strengthening State wetlands regulations. 
U.S. Fish and Wildlife Service (Washington: 
USGPO. 1979). 

"Computer-aided environmental legislative 
data system." U.S. Army Corps of Engineers, 
Construction Engineering Research Labora- 
tory (accessed April-May 1&79). 

Floodplain management (Executive Order 
1 1988) and Protection of wetlands (Executive 
Order 11990). both issued in May 1977. 
directly affect coastal and riverine wetlands 
by prohibiting Federal agencies from need- 
lessly damaging or destroying floodplains and 
wetlands. 
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Wilderness has been disappearing since 
the Europeans settled on the Atlantic coast 
in the 17th cenjury. New settlements, 
industries, roads, timber cutting agricul- 
ture, and other human ictivi'.ies continue 
to encroach on the remaining large tracts 
of untouched land, 

But large areas ol wilderness are being 
set aside for protection against any form 
ol development by the National Wilderness 
Preservation System, This Federal pro- 
gram, olficiaily begun in 1964, protects * 
•large tracts ol Federal land from further' 
development. Its aim is to preserve the 
solitude and natural beauty of untouched 
wilderness and to ensure that areas 
remain where only natural changes take 
place. 
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The National Wild and Scenic 
Rcvers System, 1968-1978 



Miles 
2,500 



2.0CO - 



1 .500 



1.000 



500 



0 T968 1$70 1972 1974. 1376 1 978 



In 1978/659 river miles Were designated 
Wild and Scenic — more than at any one 
time, since the beginning of the program. 
Newly designated were the Skagit in 
Washington, the upper Delawace in New 
York and Pennsylvania, and a 191-mile 
stretch of the Rio Grande in Texas. 



States also designate wild rivers. State 
wild rivers may be added to the national 
' system upon application by the Governor ^ 
to the Secretary of the' lntertor. So far, at ~ 
least 23 States have passed laws to pro- 
tect their rivers, Particularly strong are the 
preservation programsjn Minnesota, 
California, and Oregon, v , 



Sources and technical notes 
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National Wilderness Preservation 
• System, 1978 

- USDA Forest Service. 

BLM lands were "first admitted to the sys- 
tem in 1979 and are not shown on the map. 

2-7 

Designated and proposed 
Wilderness Areas, 1964-1979 

1964-1976: USDA Forest Service, National 
Wilderness Monitoring System, computer 
printout, August 1. 1977. 

. 1977-1979: "Wilderness fact sheet." 
USDA Forest Service. Recreation Manage- 
ment Staff, February 15, 1979. Unpublished 
data from USDA Forest Service; National 
. Park Service; U.S. Fish and Wildlife Service; 
Bureau of Land Management. 

In addition to the acreage shown, the 1976 
BLM Organic Act includes approximately 120 
million acres which are under consideration 
for wilderness'designation. 

2*8 

National Wild and Scenic Rivers, 
1978 

U.S. Department of the Interior, Heritage 
Conservation and. Recreation Service. 

2-9 

The National Wild an , Scenic 
Rivers System, 1968 ia78 

• Environmental quality — 1976. Council on 
Environmental Quality (Washington: USGPO, 
1976), p. 96. 

U.S. Department otthe Interior. Heritage 
Conservation and Recreation Service, unpub- 
lished data.. 



Parks 



The parks of the United States are numer- 
ous and varied. They include rivers, lakes, 
forests, beaches and seashores, trails, 
parkways, urban places, monuments, and 
large areas ol outstanding natural value. In 
varying degrees, parks are created to 
protect important natural areas and valua- 
ble cultural sites. . 

Although protected, parks are not 
immune to deterioration and destruction, 
Stresses on parklands Irom heavy and 
sometimes uncontrolled visitor use are 
compounded by adjacent development 
and incompatible land uses. 



2-10 

Tfe* Natibnal Parte System, 19T9 



In 1978, the National Park System included 
322 units: 88 natural areas (parks, monu- 
ments, natural preserves), 181 historic?! . 
areas (battlefields, cemeteries, mow • • 
merits), and 53 recreationaf areas (park- ; 
ways, rivers, seashores). They.are located, 
in 49 States, Puerto Rico, and the Virgin j 
• Islands. Only Vermont does not have a • ■ 
National Park. ' "... ' v / / 
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Typeolumt 

NHP NalionalHisloncPaik 

NHS NationalHistoncSfle 

NL National Lakeshofe 

NM National Monumert 

NP National Park 

NRA NatolReo-ealiorAfea 

NS NatonalSeashore 

Dotsrcpresent smaller t 
components ol the National 
Park System, including the 1 " 
abovo types d units and 
National Battled Sues, 
National Mciwrai Parks, 
National Milrtary Parks, " 
National Scenic Riverways, * 
and Naltonal Scernc Parkways. * 
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National Pafk Service units, 
1872-1978 
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For an area tv become part of the 
•National Park System, it must be of 



The number of units;in the National 
Park System has been growing rapidly. 



national significance (natural or historic), Since I960, more than 130 areas have 

and it must bo able to be administered been added— 65 historical areas (0.2 

and protected by.the National Park SerC million acres), 40 recreatcnal, areas 

ice. An area if; included in the National (4.8 million acres), and 27/natural areas 
Park System, only by an Act ol Congress 
or Executive 'Order, of the President. 
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lationa! and State Park 
creages, 1872-1978 



Million acres 
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In 1978, 44 million acres were ad 
the National Park System, more tl 
doubling its size. Most of the acre 
in Alaska. The other areas were e 
small. 




Degree of representation 
Adequate 



I \ Partial 



Puerto Virgtn 
Rico Islands 



Less than 
adequate 

Inadequate 



islands and estuaries; the Central Low- 
lands and the'«r tall grass prairies; the 
Great Basin of the West, with ks islands of t 
alpine vegetation and, its cold desert; and 
the Columbia Plateau; with its deserts in 
eastern Oregon and Washington. 

. □ The degree of representation is based , 
on the judgment of National Park Service 
analysts. Geologic and ecological features 



in each region were given scores based 
on thefr quantity, quality, diversity, and 
uniqueness. Scores for all features were 
added and a total percentage calculated. > 
Percentages were the ratio of features in 
the National Park System to natural phe- 
nomena within a region. The range of 
0-25% is equivalent to inadequate repre- 
sentation; 26-50%', less than adequate; 
51-75%, partial; and 76-100%, adequate. 



64 



2-15 

Overnight stays in National Park 
Service-operated campgrounds, 
1960-1978 4 



1 5 r 



14 r 

! 

1 3 r 




The number of overnight stays in National 
Park campgrounds has increased since 
1960 largely because of the popularity of 
^.recreational vehicles." 



□ Overnight stays include lamily camp- 
grour/d camping only and exciude non- 
campground camping, which totaled 8,5 
million in 1978. Excluded are commercial 
camping in cabin? and lodges, nonrela- 
tional stays by concessioner employees 
and business visjtor?, and other camping, 
such as backcountry and boat camping. 

. * 66 . 
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The 10 most popular 
National Parks, 1978 



Sources and technical notes 



Great Smoky Mountains, Tennessee, North Carolina 

























tat: J 



Hot Springs, Arkansas 



Grand Teton, Wyoming 



Acadia, Maine 



Rocky Mountain, Colorado 



Olympic, Washington 



Grand Canyon. Arizona 




Yellowstone, Wyoming ' 



Ml. Rainier, Washington 



0 2 
Million visits 



"The largest, oldest, and most lamous 
parks are in the West. Two of the most 
'heavily visited parks, however, are in the 
East': Great Smoky Mountains National 
p af L ani^gfe National Park. 

ERIC ' 

. National Parks only. Excludes 
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ThVNatlonal Park System, 1979 

National Park Service, 



2-11 

National Park Service units,. 
1872-1978 

1872-1976; Intoiofl/ieNatai Part ' 
System and affiliated areas as of January I, 
1975, National Park Service (Washington: . 
USGPO, 1 975); photocopy ol updated addenda* 
to the index, October 22, 1976. 

1977: Mms[Ps!kslM:al5bsM 
W, National Park Service (Washington: 
USGPO, 1978), table l,p,1. 

1978; Photocopy ol updated addenda to 
the, 1977 index/February 197?,. ■ 

2*12 ■ ~ r , 
National and Stete Park acreages, 
1872-1978 ' 

. National: See 2-11. ' ' ; , ■ 
Stater194 1 -1975: Slate park statistics- 
1970, National Recreation and Park Associa- 
tion (Arlington, Va. ; ,l971), p.9;.Sian's(ica7 ' 
abstract of lAe United States: 1976 (Washing-.' 
ton: USGPO, 1976), tabfe-355, p. 216; Slafe ■ 
park statistics- 1975 (Arlington, Va„ .1977), 
p. 28. ' 

2*13 , 

1 Representation of natural regions 
In the National Park System, 1970 , 

Part tm ol the Moml Park System plan, 
natal fiislory, National Park Service (Wash- 
ington: USGPO, 1P'/2), tigs. 1a ( 3, pp. 6-7. ' 
12-13, based or) "Physiographic divisions of 
the United StMes," N, M. Fepnemao, Ms ; 
o/ the Assocm'.m of American Geographers, 
v.- IB (3rd ed., 1923), 
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Visits to National and State 
parks, 1554-1978 

National Parks, 1945-1975; Public use of. ' 
t/ie National Parte A statistical report, 
(954-1,954, National Park Service ' 
(Washington: USGPO, 1966), p. 4; Public use' 
of l/ie National Parte A statistical report, 
1960-f 970 (USGPO, 1971), p. 5; Public use of 
(he National Parte December 1972 (USGPO,. 
1972), p. 9; Public use of fne Na^mlfi;i:< 
Spew, calendar year report 1973 fljflM. 
1974), p, 6; Public use of (he Hi^. 0'J 
System, calendar year report 1915 (015*3$. 
1976), p, 23, 1976: Clonal Park stattaf 
abstract, Wl (USGPO, 1978), table 2, p. 2. ;, 
1977-1978: Nafionaf Park slatisfcat abstract 
1978 (USGPO, -1979); table 2, p. 2.- 

State Parks, 1956-1975: Sfaiejpark sfafe-' 
lies, /970, National Park and Recreation.'.' 
Association (Arlington, Va.; I97i),p.9; Staig ': 
park statistics, W5 (Arlington, Va, 1977};- ; 
P 27. . • ' .. 

2-i5 , .'•:"" : ''v: '.'', V.'.v- 

Overnight stays In National Park . . . " 
Service-operated campgrounds, 
•1960-1978 V 

' National Par* statistical abstracts, /97fl, /, 
■ National Park Service {Washington:-USGPO, ; 
1979), table 3, p. 2.. « ' 

2-16 ;• 
The 10 most popular 
National Parks, 1978 

: National Park stalfet/cal abstract, I978, 
National Park Service (Washington: USGPO, . 
1979), table 4, pp. 7-17. 



Historic places 

\ ■ — —, — " : 

Unlke the European. nalions, the United ^ 
.States has made a late start in protecting* 
; its historic heritage, m Historic Sites Act 
011935 gave the' Federal Government 

• auth'o'rity to conducts survey ol sites ol 
exceptional historical value. With passage' ' 
ot-ttie'Natiomit Historic Preservation Act in 
19C6: places.and areas -of historic interest 
were systematically identified and listed on 

• a National Register. But registration does 
•not guarantee protection. It brings histori- ; 
cally important properties to public atten- 
tion, thereby increasing the likelihood that 
'Ihcy'will be preserved or restored and . 
used. The act also authorizes Federal 

'■'grant money and lax benefits for rehabili- 

' taticn ol registered-properties. 
' in additions the National Register ol 

. Historic Places. Jhe Federal Government 

" maintains the Historic American Buildings 
Survey (a program to preserve records of 
importefnt exarpples of architecture); the 
Historic .American Engineering Record 

■ (established in 1969 to document historic 
engineering, industrial, and technological 

• works throughout the country:, and other 
preservation programs. Most preservation 
and conservation ellorls depend on State 

,'. and local government and require private 
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Properties on the National Register 

ol Historic Places, 1968-1978 ,, 




Number ol properties 
20,000 




1968 



1970 . 1972 1974 1976 1978 



At the end of 1978. more than 18.300 . 
historic places were listed in the Rational • 

Register. The number is expected to reach 
'67,000 by the mid-1980s. ' _ ,»•. 

For a property to be nominated for the 
National Register, itmust meet one of four 
criteria:-lt must be v associated with events - 
that have made a significant contribution ' 
to history, tt must be associated, with the 
lives of important persons in history.lt * 
must' embody distinctive characteristics of 
type,.periofJ, or- method of . construction, t 
represent the work of a master, or' .; 



, possess high artistic value. Or it must yieid 
■ information important in prehistory or ; - 
■history:. \ .. 

Almost all nominations come 1rom, State ; 
' historic preservation- officers. Properties - 
'are placed on the register by. approval of ■ 
the Secretary of the Interior. The number - 
of nominations is a function of the financial : 
resources avaijabieMpreparing the. 
" necessary, documentation and background, 
information. About 97% o! properties t . 
nominated are liste'dinjhe register.' 
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Properties on the National Register 
of Historic Places, by type, 1978 



Properties removed from the 
National Register oi Historic 
Places, 1971-1978 



Sources and technical notes 




Structures 



Number of .properties removed annually 
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Properties on the Nations! Register 
of Historic Places, 1968:1978 ■ ' , 

U.S! Department of the Interior, Heritage 
Conservation and, Recreation' Service; ■ 
National Register ol Historic Places, ilnpub- - : : 
lished data. 



Includes NationaLHIstoric Landmarks. 
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Properties on the National Register, 
of Historic Places, by type, 1978? 

See 2-17. 



A district may include up 1q : 10^M lndlvioV|t 
ual buildings or properties. '• •^"•v^^f 
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Properties removed from the 
National Register of Historic Places, . ' . 
1971-1978 I 

See 2-17. • ] ' . % 

Excludes 22 properties removed from the ; ;|| 
register prior to 1971 and 9 properties- .. ;9:f8 
removed with no date indicating time of ' -.^ 
removal. ' ' - ■ '"•■■I 



1968 ' 1970 ' 1972 1974 1976- 1978 



By far the largest number of listings on the 
register are. buildings. They include barns, 
houses, and industrial and commercial ' 
buildings. Examples are the Laurel Mill in 
Gupton, North Carolina; the Wells Fargo 
t and Company Express Building in Silver " 
fleet, Utah; 'trie Bradbury Building in Los 
Angeles; and the Starret House in Port « 
Townsend. Washington. 
. The most significant increase in recent ■ 
designations has been historic districts, 
which comprised about 13% of the listings 
in 1978. A district is a geographically 

^ERJC 2, U '' )an or • ura ' , 'P ossessin9 



a significant concentration of sites, build- ■ 
ings, structures, or objects united by past 
events or aesthetic values. The average 
district contains 16 buildings and occupies 
50 acres of land. Examples include the x x 
Mexican War Street District in Pittsburgh; 
the Annapolis Historic District in Maryland; 
Le Vieux CarresinNew Orleans; and Green 
Springs, Virginia, a 14,000-acre area of 
18th and 19th century farms. ' 
Sites include archeological sites, battle- 
fields, etc. 'Objects include trains, ships, 
statues, etc. Structures include bridges, 
windmills, aqueducts, etc. ' 



Despite listing on the National Register, 
properties are lost each year,. By the end • 
of 1978, 212 properties had been removed 
from the register. Most losses result from 
demolition, usually for public or private • 
\redevelopment;' others are from wind, fire, 
'and other natural causes. 
• It lias-been estimated that during a . 
10-year period about 17% of all unpro- .... 
tected historically valuable structures have 
•been tost. About 3% of the structures ■ 
listed on the National Register have been 
lost during a'similar period. . ' ■ , 



Risk zones 



*AI! areas of the United States are at risk 
from natural disasters' of one kind or 
another. Hurricanes hit the Atlantic and 
Gulf coast States. Earthquakes are a 
potential danger in the West. Tornadoes 
and windstorms reach across the Midwest 
and the Plains. Floods occur in all major 
river bas 

.There,, a number of ways to reduce 
loss of life and property from ;hese disas- 
ters: modifying the event (hurricane 
seeding to reduce wind velocity); modifying 
susceptibility or exposure to the event 
(land use adjustment and warning/evacu- 
ation); and modifying the impact ol the 
event after it happens (social insurance 
and disaster assistance). All three 
approaches are used, but more attention 
is now being given to modifying lard uses 
• to reduce the probability of major 
catastrophe. .. . 





Floods are the most common and wide- 
' spread geophysical hazard. Flooding 
affects major population centers in the 
Northeast in the Ohio Basin, oq the Great 
Lakes, and in California. t 

Some 100 million-people are affected 
by stream flooding, 



More than 15,000 communities and 
recreational areas have been identified as - 
flash floodprone, and they are located in 
all but a few counties. Some 3,000 of 
these flood prone areas are at high risk in 
terms of potential death and property 
damage. Only 650 of them have flood 
warning systems to reduce the damage of 
flash floou 



Despite the dangers, the number of 
people building on flood plains continues 
to rise and so does the .threat to life and 
property. ■ 




Percent chance of occurrence 
in any one year in a 50-rnile 
segmentolcoastline _ 

[■ . | Hurricane ' 

(winds 74-125 mph) 
pig) Qreal hurricane 
q (winds exceeding'' 
ERIC 155 mph) 




On (he average, six hurricanes form in the : 
South Atlantic each year and two strike 3 % 
the U.S. coast, generally from June to : -M 
October, The most threatened areas are. 
Texas, the Mississippi Delta section of • . 
Louisiana, South Florida, and the Carpr 
Unas. For example, there isa 13% chance ' 
that a hurrpne will reach Key West if! a; v| 
i given year at^t a 2% chance^that it will be^ 
' a great hurricane. 
Hurricanes do damage in l 



he! 

2s; the rains carried by the hurrbne:;i| 
cause extensive floodmgon the coast and 
intend, The initial storm surge is responsi- j: 
blefor.90% of the lives lost along the. 
coast. \ 



storm surge hazard zone,andM 
people live in the \ 



3fe 

■'■'J.'. ** J ir- 



hurricane are i 
,'ini 

■'evacuate. . . " :; 
' Because of the rapfd shift in population ^ 



population at risk is t 

urban areas, so that emergency evacua-' 

tin, 



i> y. : : 



I 
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Frequency ol tornadoes, 
1953-1962 
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Earthquake risk zones 



llf 



Liich a feproscnts the approximate location ol two 
occunenccs dunng the 10-ycar penod An occurence . 
is defined as the first point of contact with the ground, 




Degree ol damage enpectcd 
Major Minor 
Moderate [^] None 



■Of the violent windstorms, tornadoes are , 
the most common. They occur along the 
eastern and southeastern coasts, in' the 
Midwest, and across the central portion of . 
the western States! About 800 are recorded ' 
each year, Roughly one in ten causes 
damage of over $500,000. Tornadoes. ■ 
come quickly; provide little warning time, 
and are of sfiort duration. The high • 
winds-up to 260 miles per hour-damage 
or destroy structures, hurl debris, and 
'overturn and destroy mobile homes and 
small aircraft, 



Earthquakes occur primarily along the 
Pacific coast, espectiy in California, but 
most of the nation is at some risk. Major 
quakes tiave occurred in Missouri, Massa- 
chusetts, and South Carolina, Since 1800, 
the nation has been hit 46 major 
quakes, 

By vibrating the ground, earthquakes ■ \ 
trigger landslides, avalanches, flooding, 
and fires-events that may be more dam- 
aging than the initial tremor. Underwater 
earthquakes cause great waves- 
tsunamis— that can destroy buildings 
along the coasts by impact and inundation; 



An'eslimated 31 million people five in 
areas where a major destructive earth- . 
quake may occur. Some 600,000.peop!e 
living along the Mc coast and Hawaii 
■ are at risk lrom a5(Moot tsunami, , 

:■ More than another geophysical ; :.• 
hazard, earthcuakey, are likely to produce 
almost comple\social disruption, 1 particu- 
larly in urban areas. ';,'•■- 
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Loss of Iffe from selected natural 
disasters. '1900-1977 



Total 



Property damage from selected * 
natural disa'sters, 1900-1977 



i::OP»r!v 'OSS ; t-S .i [••■r|*l! o! Gf'JP 




ini'i.:. .1910- 1 1920- 



! MM 



,W1i' 



' ■ I9-'!- . 1950- i960-' 1 975-, 

193-1 1944 " 1954 ' 1964 1977' 



■ 1 



Property damage (rem these four natural ■ 
•disasters has been increasing in the past 
50 years. FoUhe fate 1970s,' the average ' 
annual loss was estimated at $32 billion, 
abour02%,-of the,gros*nalional product. 
. ' Losses have outgrown in terms of the . . K 
t , "overall producfye capacity of society, 

measured by the average annual {foliar • 
' toss as'a percentage of gross natioTraT 
' product. . •'>. V. 
■ Floods are the, rnaj^cause 0' property '•• , : 



Iba overall trend is one of decreasing;. . 7 , 
loss of life but no 'ong-term decrease in • 
dollar losses. There is also a marked •/ • . 



Sources and and technical notes 
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Urban population and lands 
aliected by stream flooding, by Water 

• Resources Rejon, 1567 'i 

wsejrcn assessftfenf. G*oil F- WWe 
(B< uKier.UniveiS.ly ol Colorado. 1975J. , 
mocoorapn NSF R^-E-75 005. D- 2. based on 
■ UtoiiiiSdnp' &m<hfa«aim 
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Earthquake risk zones 

■ £arfftqua/re and fsonanw' ftazarefs *n (he 
Or^d States: Meseaicn assessmenf, 
RroerfS Ayre (Boulder: University QlCoto- 
raoo 1975), monograph NSF-RA-E-75005, 
p /. based on Disasler'preparetes; flepor! 
ioifleCongfess (l ExeculiveOlliceoflhe 
President. Oliice ot Emergency Preparedness 



laiofutonp' eswrffifllormaiionaoor/i . w : nfltD , ysGPO' 1972) v. 1.2,3. 

/too/ mblm U S Army Corps cl Engineers .(Washington, uourju, 
(VVash.nqton D C 1967) and Slalislfcai Pufe- The map is based on the known distribution 

*ol damaging earthquakes and the modified 
Metcati intensifies associated wilh these ■. 
earthquakes; evidence'of strain release; and 
consideration ol major.geologid structures 
and provinces believed to be associated with 

earthquake activity. The probable frequency 
of occurrence of damaging earthquakes in . 
each zone was net considered in assigning ■ 

ratings to the various zones. 
Map revised 1969. • 
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Loss of life from selected natural, 
disasters, 1900-1977 

•floods 1925-1975: etiological data, ■ 
annual summary 1977, Rational Oceanic and 
Atmospheric Administration (Asheville, N-.G, 
1978j; 28(13):117. 1976-J977: National 
Oceanic and Atmospheric Administration, . 

National Weather Service, unpublished data. 

Hurricanes. 190(3-1934: Histomt sum 
ol itemed States, colonial limes totU, 
US Bureau of the Census (Washington: 
\ USGPO 1975). p. 448. 1935- 1977: CWo- 
Vtogcaldafa, annual summary 1977, National 
Oteahic and Atmospheric Administration . 
lAshevlle.NC. 1978) 28(1 3):77. 

Tornadoes. 1916-1977: Qniatoioga! 
data Annual summary 1977, National' 
OcKinic and Atmosplienn Administration 

jAsnevilM.C.. 1978). 28(13164. 
Earthquakes, 1906- I971:,£annpuake and, 

twamhvatdsmthc (Med Slates: A 
* ' research assessment, Robert S. Ayre '■ . 
(BouUer University'^ Colorado, J975), 
monograph NSF-RA-E 005, table 12, p. 27, 
1,972-1977: National Oceanic and AtmoS' 
pheric Administration, unpublished data;' 

Population, 1900-1977: SlafisffcaWaei 
"of the United Slafes: \W t US, Bureau or 
, llhe Census (Washington USGPO, 1979), 
table 2. p 6 



; ,.,3!/ US Cei&imcnl ol Agriculture 
' (Washington USGPO, 1962). , 

1- iciudes approximately 4.000 large urban 
anli. with flood piohlerm and re'-ndo both 
,hi a iandi"diif'Ctellccls . i 

Hood data were developed m 

I'l/G Dy the AmencanHed Cross lor the 
Nat o'iai Weathei /ice. U £ Department 

ot Commercfi 

i 2,21 

\ Hurricane risk along the Gulf 
and Atlantic 

hurricane fta/aid m ffte Unttd Sales: A 
!,i- m n assessmenl Wallraud A .R. Brink- 
nun iBoufdw University ol Colorado, 1975). 
. [n!W ,Q,,ipi t NSfRA75007,p.6.,basedon' 

Aum/ii: fiumcaw ftecuenws afcng ihe U.S. I 
* c/.iNf^o. Simpson ami Lawrenct? (Washing- 4 
. yi US Department ot Cfjmmeip. 1971), 

tlOAAWn memo MW5SR-58. 
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s. ' Frequf n^y of tornadoes, 
1953-1962 

jm.MMrfyf.«f.tso( triL-UniMSl-ifesof 
/,;„,,,,, u!)(.i'OloqicalSuiv(:ylWashiif 

!;r,1lC 1')75l p 116 

fjuHowmi) resiUunls aif particularly al 
,. Sf "i!orn toi'i.iilws, Thfii|WiDeiancieased 
(if (11 ^S.caitv dsiimq the 1U60S. and lor years 
M-i <K>nifs wre r.f.»f well anchored. An 
urMflt'twol it«»ate home can be owlumed 
i). .,,nds of 54 mite, w hour, anchored 
•mciie'tionieswiliiSiand'Ainosol over 100 
■ „„;,>, per noui Improved construction and 
ii lHU! «oi tie(lowne(|ii!pmeiilaiepifviding 
m-w protect-on 

■ ■"rjiita not avayikHbr Alaska and Hawaii. 
O 

ERIC 



Average annual deaths per 10 million were 

calculated by dividing the average nunbei ol 
.deaths loi a given 5 years by Ihe average 
annual resident c -nation fo.' the same /; 

period. , 
Lives lost, 1900-1924, are lor selected 

years. Years reported lor hurricanes are 

1901. 1903, 1906, 1909, 1912, and 

■ 1915-1924. Fo r tornadoes, Ihe years are ■ 

.1916-1924, tor earthquakes.-1906. 1915. and 
Vj\V t 

Hurricane data incluC' /forth Atlantic 
tropical cyclones, storms that form in the 
Hopics and that have winds ol 39-73 miles 
per hour; hurricanes have winds ol 74 miles 
per hour or higher accompanied by heavy ■ ^ 

. rams, high waves, and fides. 

Tornadoes are local storms of short dura- 
lion formed o' winds rotating 31 very high 
speeds, usually counterclockwise. These 
storms are visible as a vortex,, a whirlpool ol 
wind rotating about a hollow cavity in which 
cenlrifugal'lorces produce a partial vacuum. 
The fall in barometric pressure is so rapid 
that wooden structured ollen lilted and 
burs! open by, Ihe air confined within them. 

Earthquake data include tsurflrnjfph- 
quakes are a shaking oi Ifembim^f/.he 
earth lhal accompanies movement its 
crust. Their magnitude is m'easuretfon.a : ■ 
Richter scale, with Ihe measurements 
increasing geometrically.' 

225 

Properly damage from selected 
natural disasters, 1900-1977 ^ 

Hu.'kafes,i9l5-l969;/toca; l stoard 
' '/i p [wed States: A research asessnMl. 
WaltrducJ A. R. Bnnkman (Boulder: University 
ol ( : ;:ioia> l o.'l975) 1 monograph NSF-RA- 
' E'75v07, . q.llhl P ?3. 1970-1 tt: Ortialo- 
•logrckvo/u. annual summary 19)7, National 
Ocewic and Atmospheric Administration 
(Seville, Nt 1978), 28(13j:77, 

Tornaddes,-i9i6-i977:ClimalotogrcaJ 
'dala, annual summary 1977, 28(;3):64, 

Earthquakes 1905-1969: Earthquake and 
tsunami hazards In (he Med Slates:- A . 
- research assessm'enl, Robart S, Ayre 
(BoiSber- University ol Colorado, 1975), 
monograph NSF-HAE-75G05, table 1-2, p. 27, 
1970-1977: National Oceanic and Atmos- 



Gross National f-,oc : Jct, 1905-1909: tog 

fj/mec^gwft 

Department ol Commerce (Washington: 

USGPO, 1973), data series A1, p. 182. 
1910-1931: long-tew economic growlh, 
1860^73 (USGPO, 1973), data series A2, p. 
183. 1940-1972; Economjc report <te 
President: Transmitted fp (he Congress, 
Febmw 1974, Council of Economic Advisers 
(Washington: USGPO, 1974), p. 250. 
1973-1977: Staiislical abstiacl oi (he United - 
■Sla/es-1978, U.S. Bureau ol Ihe Census 
; (Washington: UCGPO, 1979), table 710, p. , 
441. 

Implicit price deflator: long-teim economic • 
growlh, M-m (USGPO, 1973), data 
series B61 and B62, pp. 222-223. Economic 
report of Ihe Piesident liamitted to the 
Congiess, February 7974 (USGPO, 1974), p. ' 

252, '\ 

Population: »icaW''act of ihe 
United States: M (USGPO, 1979), late 
71o, p. 441. ( _ ! ' 

Average annual properly loss as a percent- 
age ol gross national product was calculated 
by dividing the average annua! loss Irom ihe 
tour natural hazards by Ihe average annual 
gross national product lor each 5 years. 
' For hurricanes, 1970-1977, and loiiiadoes, 
1916-1977, property damages are reported in 
ranges. The midpoint ol ihe range was used 

lor these years, ' - - 
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i, unpublished data, 
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Chapter 3 



Human 
Settlements 



The dominant pattern of human sett'ement 
in the United States today is one of multi- 
cehle'red metropolitan regions. It is 
characterized by downtown tov. ;rs, ethnic 
neighborhoods, suburban residential and 
commercial centers, factories in both 
cities and suburbs, and large acreages of 
cropland, pasture, forest, and other natural 
areas. This pattern of human settlement is 
found throughout all major regions of the 
country. 

The change from the older uri an-rural 
dichotomy to the newer, more integrated 
multicentered metropolitan area has come 
-about primarily through major networks of 
highways, modern and efficient cc :rruni- 
cat'ion systems, and many new pousl 
units. (More than half of all housing W3u 
bgjft after 1555, more than two : tl»irds of it 
in suburban areas.) * . * 

'The shift in living pattern ~ a GirpN 
response to the families ar<. 'ujivio?^. 
wr~ want to live in new housing in J« ? 
tief^-; areas. Almost '»very public o, • 
survey in recent years has i. iown a f. .tP ' *- 
ence foi Uvng in smaller places,- with low . 
densities.. *^cre space, clean air. less 
noise, and other environmental amenities. 
The same trends ars apparent in other 
industrialized societies, especially in 
Ja^an, West Germany.- and ScandlnavJ?.. 



New highways permit commuters to 
travel even greater distances to and from 
work, but the same highways helped to 
destroy older, parts of the city, led to r!3w 
forms of air pollution and noise disturb- 
ance, end created a situation in which - 
most residents, particularly those outside 
central cities, depend almost completely 
on the automobile for maintaining their i'\ie 
styles. 



86 



3-1 

Standard Metropolis Statistical 
Areas, 1950 



1950 





Metropolitan areas in the United States 
are growing in number, in population, anc 
in the land that tney occupy. 



in 1950. there were )69 Standard 
Metropolitan Statistical Areas (SMSAs). 
They occupied 5.9% of the land and con- 
tained 56.1 % of (he population (85 million 

• people). In 1978, there were 279 SMSAs 

• occupying more than 14% of the land and 
containing 73 °/o of the population (158 
miHipfc people^ 



What makfr- today's metropolitan areas 
different from those of '950 and curlier is 
»he shift front a single downtown as the 
center of activity to many centers s£at- t 
tereu .throughout the awai-Yi^-.and move 
often they are located in the suburban* > 
rings. ^ ' y. 
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L'.j A Standard Metropolitan Statistical 
Area (SMSA) is an integrated economic^ 
and social unit with a recognized urban 
popu ; 'tion nucleus of substantial size. 
Each SMSA must include'ai leas* one city 
with 50,000 or more inhabitants v a city 
which has ai least 25.000 h!hab»>*nts and 
which, with contiguous places having a 
population density o*' at least 1.000 per- 
sons per square mile, has a' combined 
population of 5CO0O and for general. 
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e r " "^omic. and social purposes constitute? 
b single community. 



□ The 1978 population is the tota! resi- 
dent population as of July 1. 1977, in 279 
SMSAs as defined December 3'. 1978. 
The 1976 map refers to SMSAs designate 
as of November 14, 1978. 
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suburban areas 
tes, 1940-1978 
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Population density, location. 
1940-1978 



\ 



Population per square mile 
10,000 r . 
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burbs dominate metropolitan 
he eariy 1960s, people living 
tnumber those living in 



More people now live in suburban areas 
(39% in 1978) than if, either central cities 
(28%) or nonmetropolitan areas (33%). 
This ii a considerable change since 1950, 
when 44% lived in nonmetropolitan areas, 
33% in centra 1 cities, and only- 23% in the 
suburbs. . 



This change in where people live has 
changed the density of cities. Density in 
the central cities has declined from 7,517 
per square mile in 1S50 to 4,167 pe; 
square mile in 1978. At the same time, 
density in the suburbs increased from 175 



to 223 people per square mile in 1976. 
(For the Nation as a whole, as the 
population has grown, density has 
• increased Srom 51 people' per square mile 
in 1950 to 61 peopk per square mile in 
1978.) / 
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Lard use in Standard Metropolitan 
Statist jcal Are; ~7 region, 1970 




Land 'ise m the average 
SVSA ( basr '.l on 48 Stalest 



.Cropland 




Vuodland ^^1^ Pasture 
1.044.000 acres 



1,211.000 acres 



676 000. 
acre's- : 



874.000 acres 



No longer are city and counlry astjncl 
entities. Rather, t^ey exist side by side 
throughout a metropolitan area, forming a 
patchwor* of urbanized and nonurbanized 
land. 



On the average, only 10% of the land 
in metropolitan a/eas is urbanized. (The , 
percentage varies from 19% in the North- 
east to 3% in the Mountain States.) The 
remaining land is cropland, pasture, forest, 
or other natural area. 



One result of this settlement pattern is 
an integration of land uses that offers a 
variety of employment, recreation, and life 
style. Another is dependence on the auto- 
mobile. A third is intense competition for 
the land. 
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>f housing stock, 
t and location. 



3-7 

Composition of housing stock, 
by type of unit, 1940-1977 
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Tent ol human settlements 
unit, it influences individual, 
spo nation, neighborhood • 
■j even the development ol 
ed areas. 



By far the most common type of hous- 
ing in the United States, accounting for 
67.3% 0? all year-round dweliing units, is 
the single-family home, attached and 
detached. Singte/iamily homes comprise 
nearly three-foufihs of all housing in the 
wjburbs. D 



Multiunit structures account for 28.1 % ol 
the total housing inventory. They comprise 
half of all.dweliing units in central cities. 

Mobile homes and trailers make up the 
remaining 4.6 f/o of the housing stock. 
Together they comprise 8% of housing in 
nonmetropoiitan areas. 



The percentage of single family units 
has remaned about the same— near 70% 
since 1940, with a spurt during the 1950s 
to accommodate the post-World' War II 
growth in families. By the late 1960s and 
early 1970s, there was a nairt in Vnulti- 
family units as the postwa; cnitdren set up 
housekeeping. . • 
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Occupied housing units, 
1900-197? 



3-9 

Occupied housing units, per 100,000 
population, 1900-1977 
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The total number ol housing units has s 
grown steadily since 1900. In 1977, there, 
were 75.3 million occupied housing units 
and 7.1 million units that were vacant or 
were used only seasonally. 



□ Not all residences are officially desig- 
nated housing units. In 1970, nearly 5.8' 
million people (2.8%) lived in army bar- 
racks, health institutions, prisons,, or 
schools. 
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The number of units is growing rftore 
rapidly than the population, In, 1900, there 
was one unit for every five people and/in 
1977, there was one for every three 
\{ people. 

The increase in number of units reflects 
* the increase in number of households 
formed, Both young and old have been ■ 
moving out of the larger family Household 
to set up private housekeeping. . : 
The change was rapid, In the 1960s, 
when population grew at a rate of 1.3% 
per year, households were formed at a 
rate of 1.9% per year In the 1970s, with 
population grov/ing at a rate of 0.8% per 



year, households were 
rate of 2.3%' per year. 



j. 

formed at a 



D By definition, the number, of households 
is equal to the number of occupied hous- 
ing units; a' household is one or more per* 
■sons living together in a single housing 

unit. ' ... 

D As the number of households has 
increased the number of children per 
family has declined, household size 
also dropped. In 1900, the average hoiise 1 
hold had 4.8 persons; in 1977, it had 2,9 
persons, v X 
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"Characteristics of new single-family 
housing units, 1966-1978 




? v 



Single-family units built in the past 10 
years are larger and are supplied with 
more elaborate and extensive facilities 1 
to oider units. Of the amenities, central 
air conditioning and electric heat have 
, been incorporated the most often. , 

G The average size of new housing 
'■ declined in 1970-1972 because there was 
an unusually.hign number of low- and 
medium-priced'fiomes available. These 
houses tend to be smaller and to have 
. fewer amenities. 
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Characteristics of new multifamily 
housing units, 197M978 




New multifamily units are slightly more . 
than half the size of the si'ngle-family units, ' * 

but more are air conditioned and heated ■ 

electrically. They also^contain fewer bath- v b 

rooms, fireplaces, and other amenities. ' * ' 

□ The presence of Jir conditioning varies ■ 
by region. In 1976, about 93% of multi- ' > 
family ur.tis built in the South were air 

conditioned; in the North Central States, it l • i 

was 85% ; in the Northeast, 78% ; and in 
the West, 51 %. In 1976, fewer multifamily « 

housing units were complied in (he South -~ * 

than in previous years, thus reducing the . 

national average lor air conditioning to , • " 

75%. , * 
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Condition of housing; 
1940-1977 

Most housing in the United States 'now 
meets the needs for basic facilities— hot , 
^afeM^aUe^age^a tor , stove, p'nmhing— 
comfort, and structu'al^soundness. 

Since 1940. the percentage of house- 
holds without major plumbing, dropped . ; ... 
from 44.6% to 3.1 % in i'j/7; in housing J 
that is "crowded" (more than one person 
per room), from 20.2% to A.H in 1977; 
and' in housing that is dilapidated, from 
18.1 % to 4.5% in 1970 (a 1977 f.-f-re is 
not available for dilapidation). \ 

This changed quality came about as 
new units with more complete equipment 
were added to, the stock and the old units 
were renovated, abandoned, or demolished. 

The emphasis today is not so much on / 
basic facilities as on attaining housing wi'h 
a wide assortment of amenities. 
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Homes with selected major electric 
appliances, 1950-1977 



in addition to basic facilities, an inc easing .. r 
nuitiber ot hemes now have time-saving . . 
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Overall opinion of living ml 
by location, 197? 
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Overall option of neighborhood, 
by location, 1977 



Toiai u S. 




I Genital cities in SMSAs 



uburban areas in SMSAs 

11 



j Outside SMSAs {Nonrneti opoli^ 





Exceiier.t 



Good 



hair 



Poor 



0 10 20' 30 40 50 60' 70 80 90 100 
Percent 



Total' U.S7 




In SMSAs 



Central cities in SMSAs 




Suburban areas in SMSAs 




/ 



/ 




T"T1 



Outside SMSAs' (Nonmetropo.itan) 






. i 1 > — » 


' — i i- — < 



Excellent 



Good 















1 


-< 



fair 



Poor 



0 10 20 30 40 60 60 70 80 90 100 
Perceni 



in general, people think that ftar housing 
is quite good. In 1977, 34% of the house- 
holds sun/ayed rated their housing excel- 
lent, and 46%/3ted it good. 

Consistently higher ratings are gwen by 
suburban residents than by central city 

People in Canada ana tne Uniieo States 
rank their housing higher than do people in 
other areas ot ihe world: 55% of Canadian 



and U.S. residents rank their housing as 
hjgh, compared with 49% of western 
Europeans, 37% of Latin American:. 14% 
ol Africans, and, 14% of Asians, 

D The r "•ion asked was "How would 
you raw this house (building) as a place to 
live? Would you say it is excellent, good, 
fair, or poor?" 



A neighborhood may encompass a square 
mile or mor,e of land and houses, or it- may 
be a single building or even a single floor 
in a large building. Mo , n to: ;plya 
geographic area, a r gnborhood is a set 
of social and physical relationships.with 
which people identify. ^ 



Evaluation ol neighborhoods wa ? "'nnilar 
to that for housing, # T'" 



lirfi 



ota"' •«'"' " ::ir ,;,' s ,^-OOdS 
and ... of all residents 
rating their neighborhoods good. Con'-, 
-sistently higher ratings were again given 
by suburban residents than by central city 



[ question asked was "In view of all 
ne tnings we have talked about, how 
would you rate this neighborhood as a 
place to live? Would you say it is excellent, 
good, fair, or poor?" 
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Public transportation 



i 



Outdoor recreation 
facilities 



Hospitals' or 
.health climes 

Shopping 
Tolice' 

■Schools 



1977 
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When asked about neiohborhood services, 
one problem— inadequate public transpor- 
tation—was mentioned more often than 
any other, especially l , suburban and 
.nonmetropoiitan residents. 

0 The questions asked were . 
.. (1973) "Do you have inadequate or 
unsatisfactory public transportation, 
schools, neighborhood shopping such as 
g rocery stores br drug stores?" (Yes/No) 
(1&74-1976) "Do you have adequate or 
satisfactory public transportation, schools, 
neighborhood shopping such as g rocery - 
stores or drug stores, police protection, 
fire protection, hospitals or health clinics?" 
(Yes/Ne/Don't know) 

,,(1977) "Do you have satisfactory public 
transportation, schools, neighborhood 
• shopping such as grocery stores or d r ug 
stores, police protection, outdoor recrea- 
tion facilities such as parks i playgrounds 
or swimming pools, hospitals or health 
clinics?" (Yes/No/Don't know) 

57" 
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•Heavy Iralfic 




Comnnercial/ 
Industrial uses 



Deteriorating 

housing 
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Abandoned nouses 
Want to move 
because of one' 
or more of 
above conditions 
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street 1 tjr's 
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Want to move 
because ol one 
or more of 
above 'conditions 



1974 1975 1976 1977 



Souices and technical noles 



When asked about the-deficiencies in their 
neighborhoods, people most often men- 
tioned noise, then heavy traffic and inade- 
quate street lightings 

With the exception of inadequate s'reet 
* lights and streets in heed ol repair, rhore ^ 
central city residents than siprban resi- ' 
cfcnis reported neighborhood deficiencies, 

The questions asked were: 

(All years) "Here is a list of conditions- 
which many people have on their streets. 
Which, it any, do you have 1 ? Street (high- 
way) noise? Heavy traffic? Streets or'roads 
continually in need of repair or open 
ditches'? Roads impassable due to snow, 
water, etc.? [not asked in 1973] Poor . 
Street lighting? Neighborhood crime? 
Trash, litter, or junk in the streets (roads), 
or on empty lots, or on properties in this 
neighborhood? BoarcJed-up or abandoned 
structures? Occupied housir g in rundown 
condition? Commercial, industrial, or other 
. nonresidential activities? Odors, smoke, or 
gas? Noise from airplane traffic?" (Yes/No) 

(1973-1976) "Is (the condition) so 
objectionable that you would like to move 
from the neighborhood?" (Yes/No) 

(1977) "Which ot these four categories 
best' describes how you feel about (condi- 
tion)?',' (Does not bother you/Bothers you a 
little/Bothers you wry much/Bothers. you 
s-^^^^j would like to move.) 
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Standard Metropolian Statistical 
. Areas, 1950 

Lr.S,censi/so/'popi//a(/'on: 1950, U,S^ , , 
Bureau of the Census (Washington: USGPO, ■' 
■ * 1952), v. 1. fig. 13. p- xxxiv. ' , 

3.2 : 

Standard Mfiropolitan Statistical 
Areas, 1978 

' * Stale and mef/opota area data toft, 

1979, U.S. Bureau of the Census (Washington: 
• ' ' USGPO, I980),:pp. xn-xiii. 

3.3 " 

Population in suburban areas 
and central cities, 1940-1978 

!940-1960:1960 cens(iso/poputeten ( ■ 
U.S. Bureau of the Census (Washington: ' 
USQPO ( 1964), v. 1, U.S. summary, and 
previous decennial issues; U.S. Bureau ol Ihe 
Census, Population Division, unpublished 
data, ;' 

1970-1978: Cuitenl population tepotlst 
U.S, Bureau ol the Census (Washington: 
USGPO, 19761 series P-20. n. 336, table 19, 
^ P- 34. j 

Each SMSA is divided into fWo areas: 
Central cily" and "outside central city." 
Suburban areas here refer to outside central 
cities. 

population data are not strictly, comparable, . 
1940 and 1950: Resident population in-168 
u SMSAs as defined by the 1950 census. 
Excludes Alaska and Hawaii, which were 
admitted to foe Union in 1959. 
' * 1960: Resident population in 209 SMSAs as 
■ . delined by the i960 census. , 

1970 and 1978: Civilian noninstitutional 
\ population in 243 SMSAs as defined by the 
"i9^census. 

' M .\ ■ 
' Population density, by location, 

1940-1978 \ 



See 3-3. 

Density data are not strictly comparable. 
See note in 3-3 lor population diflerences. 

1940 and 4950: Area as defined by Ihe 
1950 census* 1 & • 

1960 and 1970: Area as defined by the - 
1960 end 1970 censuses, respectively. * 

i978:Area as defined by the 1970 census. 
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Land use in Standard Metropolitan 
Statistical Areas, by region, 1970 

* , Fmmg in ifiecify's sfladow, USDA 
Economic Research Service (Washington: 
USGPOj974),agu«con. rep. 250, fig. 3, - 
pp, 6-7. 

Data refer lo the average size of SMSAs in 
each region, Regions are USDA farm produc- 
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Composition of housing stock, by type 
of unit and location, 1977 

Annual housing survey: 1977, U.S, Bureau 
of Ihe Census (Washington: USGPO, 1979), 
part A; p. 1. •' • 

Data include B0.7 million year-round hous- 
ing Units and excludtf 1.7 million vacant 
.(seasonal migratory) units: The annual 
housing survey includes Ihe 50 States and 
Ihe District of Columbia. 

Single-family units are primarily delached 
houses. This category also includes two or 
more attached lownhouses which are sepa- 
rated by an unbroken ground to-r8ol wall (no 
common basement or altic) and <vhich have 
their own separate utilities. 

Muilif amity units consist ol two or more . 
attached units which share ulililies (such as , 
plumbing) and have no ground-lp-roof wall ■ 
separating them. 

Mobile homes include mobile homes and 
trailers. 

37 

Composition of housing stock, 
by type of unit, 1940-1977 

. 1940: 16(f) census of »ie U/wled Slates; 1 
: W0 f housing, U.S. Bureau of Ihe Census 

(Washington: USGPOil943Lv.il, pari 1, - 

table 4 t p. 10. 

, 1950* Cemd housing; 1950 (lake/) as 
pari of the 17th decennial censhsof the : 
Med Stoles) (USGPO, 1953), v;i, parti 
'.able 5, p. 1-3. , * ■ 

1960: M cms of fusing {taken as 
pari o/ the 18th decennial census of the 
Wed Steles (USGPO, 1963), v. I part 1. 
table 5, pp. 1-16 to 1-21 

1970 3nd 1977: See 3-6. 
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Occupied housing units; 1900-1977 

t'iDO /to/bnca/sfaf/s/o 0/ fne 
li/'i/t't/ .Slajty co/ocal f/ws to 1970. U S 

iiiiio.ui ol thr! Census (Wasinngion USGPO. 

19/6). p G-K> 

1920-1970. Sfataf/ea/ u/isfrau/ o/ f/>s 
(M/fif/ Store's: J9/8. U.S- Bureau ol IHe 
CtMisii:, iWashmgton USGPO, 1978), table 
VMi. p 792. 

1977 See 3-6. . 

' -I 

3-9 *••',- 

Occupied housing units, per 100,000 
population, 1900-1977; 

li«rt 3-8. ' . . 

toto/to/c.il a£>s//acf o/ fhe l/nrfed Sto/es: 
flW U.S. Bureau ol Hie Census (Washing- 
■ Ion: USGPO. 1978). table 2, p. 6. 

3-10 

Characteristics ol new single-family 
housing units, 1966-1978 

" Size-ot house. 1966-1970: CHatoctenstics 
of new one-family homes! 1974, U.S. Bureau 
of the Census (Washington: USGPO, 1975), 
conslr. rep series C25-74-13. p. 103. . 
.197 1-1 975 Characteristics of new housing; 
1975 (USGPO, 1976), constr. rep. series, 
C25-75-13. p. 54. 197G-1978: Character/st/cs 

* ol new housing: 1978 (USGPO, 1979), constr. 
rep series C25-78-1 3. p. 53. 

Structure and-lacililies. 1966-1971: Chat- 
acteristics ol new one-family homes: 1974, 

' pp. 33.' 39. 45. 51. 57, 75, 81. 1972-1977: 
Characteristics ol new housing: J9/7 
(USGPO. 1978), constr. rep. series C25-77-13, 
pp. 34, 42, 43. 1978: Characteristics ol new 
housing; 19/8* pp. 32, 38, 39. 

Data on size of house include new single- 
family houses sold, including townhouses. 

Data on structure and facilities include 
homes sold and contractor-built, owner-built, 
and rental home started in 1966-1970. For 
1^7 1 - 1978. they include privately owned 
single-family houses completed. 

Rrifce ntage.se : ;iude h ouses for which 
•questions were not answered. 

Two or more stories include split-level 
homes. '.' 
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Characteristics of new multifamily / 
housing units, 1971-1978 / 

1971-1973: Chataclcnsfics of new' 
housings 1975, U.S, Bureau ot the Census 
(Washington: USGPO. 1976). cpn'str. rep 
series C25-75-1 3, table 17. pp 7 42-44. 
1974- 1 978: Characteristic/ of new housing; 
1978 (USGPO, 1979), constr. rep. series ,' 
C-25-78-13, pp. 44-46 / 

Dala refer lo, privately owned multifamily 
units completed. Air conditioning refers to 
both central air conditioning and individual 
room units. 

3-12 

Condition of housing, 1940-1977 ■» 



1940: Social indicators, 1973, U.S. Ollice 
of Management^ Budget (Washington: 
USGPO, 1973), pp. 206. 209. from 16th 
■census of the United -Stales: 1940- housing, 
U.S. Bureau of the Census (Washington: , 
USGPO, 1943), v. II, part 1. pp. 16, 38, 

1950- 1970: Housing in the seventies, U.S. 
Department ol Housing and Urban Develop- 
ment (Washington: USGPO, 1973), p, 6-4. 
from 1970 census of housing, U.S. Bureau of 
the Census (Washington: USGPO/ 1972), and 
previous decennial issues. 

1977: See 3-6, pp. 2, 4. 

Lacking complete plumbing, 1940: Lacking 
'some or all basic plumbing facilitio^— private: 
bath, private Hush toilet, mnninaywater. , 
1950-1970: Lacking one or more plumbing 
facilities or sharing a facility. 1977: Lacking 
some or all 'plumbing facilities. 

Crowded: More than one person per room. 

Dilapidated. 1940: Needing major repair — a 
unit with serious delects which require repair 
or replacement nr a unit continued neglect ol 
which would jeopardize soundness of the 
structured safety of the occupants. 
1950-1970: A unit which does not provide 
sate and adequate shelter and endangers 
health, salety, or weil-being of the occupants. 
Defects are so critical o'r widespread that the 
structure should be extensively repaired. 
_rjebuilLJ5iiorn down '.. 



3-13 

Homes with selected major electric 
appliances, 1950-1977 

• Merchandising (New Yo,k Billboard Publi- 
cations, 1976) ajicl previous annual issues.' 

Estimates are based on appliances shipped 
by m-jnufdctufers, appliances, purchased 
Item retailers (initial puwnrrses and replace: 
menls). and lifetime expeelaities ol • 
appliances. 

Percentages refer lo the tuViber pf home 
wired for electricity (75.8 millio\jnJ977y 
■ Clothes washers, 1950 and 1955~7TCa1iable 
data are not comparable and are therefore 
excluded. 

3-14 

Overall opinion of living unit, 
by location, 1977 

See 3-6, part B, p. 8. 
3-15 

Overall opinion ol neighborhood, • 
by location, 1977 s v. „ 

• See 3-6. Dart B. pp. 17-18, " 
3-16 

Inadequate neighborhood services, 
1973-1977 

See 3-6, part B, pp. 16-17, and previous 
annual issues. 

3-17 

Neighborhood deficiencies, 1973-1977 

See 3-6, part B, pp. 13-15, and previous 
annual issues. 
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Chapter 4 



Transportation 

Land, air. ana water rights-of-way and the 
vehicles that travel them are a major part 
ot the manmade environment. Highways, 
railways, and pipelines crisscross .the land. 

. Air service reaches every large city and 
many of moderate size. The coasts are ^ 
'dotted with docks and support facilities for 

. ships that carry- goods to and from the. . 
United States. 

These networks aVe used to move 
goods and people. In 1977, 2,331 billion 
ton-miles of interstarefretght were moved • 
by rail, pipe, truck, water, and air. Each 
year, the average person travels more 
than 12,000 miles by car, truck, plane, or 
other means, in 1975, 83"% of all house- 
holds owned 'or teased an automobile, and 
35% owned'' two or more. Counting trucks,' 
buses, planes, boats, and all forms of 
motorized land vehicles, there are more 
than two vehicles for every household in 
the country. 

- Development and use of these networks 
wave changed the shape of cities and have 
helped create suburban living. They now 1 
permit many people to travel long 
distances to work and shop. 

They have also transformed the environ- 
ment. Building roads, highways, railroads, 
airports, waterways, and docks has 
caused substantial damage to natural 
systems, particularly wildlife habitats. 
Motor traffic is a prime source of air pollu- 
tion, transportation as a whole is a prime 
user ok fossil fuel. Air and road -traffic, are 
prime sources-of-notse: ; 
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Major transportation nolworks, 
1925-1978 
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, Transportation vehicles, 
1920-1978 . 
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Railways, airways, highways, waterways, 
' and pipelines are the major components 
of the transportation system. Most of these 
components are now growing slowly, 
1 ifatat. , :) 
■ About 18% of, the nations 3,867,000 . 
miles of highways and roadways are 
located within cities and towns. Of all 
transportation networks, highways and 
roadways xcupy by far the largest lard 
a'" 



•no 



The number.of vehicles in use has con-r- 
\^ tinued to grow since World War II. Only 
■ the number of railroadtars in use te> - 
, decreasing. ' .' ' | 
"> The great number of automobile), 
trucks, and bicycles reflects the impor- 
tance of personal transportation in' the 
• United States; In 1977, there was one 
t automobile tor every two people. . 
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Sale; ol specialized vehicles, 
1961-1978 
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Sales ol specialized vehicles reflect the 
growing diversity in personal transports 
, Hon: Motorcycles are the most popular, 
.followed by recreation vehicles (travel 
trailers, truck campks, motor homes, and 
campjng trailers), mopeds (lightweight • 
motorized bicycles), _and__snowmobi.es. 



The auto is the dominant means of local 
travel, Hie other forms of local 
travel— bus-and rail-account for less 
than 10% of all local mileage traveled 
per person, ' .' 
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Rrirtcipal means of trnnGportation 
to work, 1960-1977 
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Rush hour when commute r demand or 

fast and cdmfortabfe travel peaks puts 

the greatest stress on local transportation 

systems. 
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Principal means of transportation 
to work, by location, 1977 



Total U.S. 
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:ers have opted for 
In 1977, 87% o! 
automobile as their 
itting to work, and 
. Workers using 
declined from 12.6% 
377. 



The mode of commuting varies by settle- 
ment pattern. City dwellers are the highest 
percentage of public transportation users; 
suburbanites are the highest percentage 
of automobile users. 



Commuting distance^ continues to grow. \ 
In 1963, less than a fourth of commuters 
traveled 10 or more miles to work. In 
1976, more than a third commuted 10 or 
more miles to work, many on the Inter- 
state Highway System. As a rest the 
commuting boundaries around mujor 
metropolitan areas are continuing to move v 
•outward. • " 
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Intercity passenger travel, 
1929-1977 



Intercity freight transportation, 
192M977 
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. Intercity passenger iravel is also , 
dominated by the automobile. 01 all 
transportation modes, only the railroad has 
declined sharply. It now provides roughly a 
fourth the number of passenger-miles per 
capita as it did in 1950. 



In 1977. 10,775 ton-miles of freight were 
transported between cities for each 
person in the country, more than douole 
that in 1929. (A ton mile represents one 
ton ol goods transported one mile.) - 
> Railroads and barge lines once carried 
almost all freight between cities. Most bulk 
le"mIalr^w~maleWsieBFcarlie^~ 



by rail, pipelines, and barges. Railroads 
and trucks carry finished manufactured . . 
products. Air transport is used primarily jor 
.• light and highly perishable goods. These : 
systems are often interconnected, and 
they use standard-size containers to , 
reduce storage and handling and to speed 
delivery! ' — 
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Energy consumption, by node 
of transportation, 1965-1977 



■ / 

The networks that are gro.vhg most 
rapidly are those for special uses. The 
most important special use is for 
energy — the miles and miles of pipelines 
' and high-tension transmission lines that 
cross the nation, and the waterways and 
port facilities that receive and transmit 
crude oil, natural gas, and petroleum pro- ' 
ducts, 

The addition of'coal slurry pipelines is 
now being considered, They use water to 
' t 'carry finely ground coal from mining areas 
to the places of use. In 1979, 273 miles 
. were In, operation. Most of this coal is 
used to generate electricity, 

All energy networks require extensive 
•rights-of-way and, for coal slurries, vast 
amounts of water as well. The average 
mile of oi'and gas pipeline requires 12 
acres of riahl-of-way for construction and 
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naintenance. 
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Total highway 
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Transportation-freight and passen- 
ger-uses 26% of all energy consumed in 
the United States. The highway sector ; 
consumes the largest portion — 1 5,1 
quads, equal to 79% of that used for all 
transportation. 



D The quad is a measure of energy. One- 
quad is the equivalent of 15.8 biliion 
.barrels of oil, It equals one quadrillion 
British thermal units (Btu). One Btu is the ' , 
amount of heat required to raise the ... 
temperature of one pound of water '1° F at 
or near its point of maximum density, 
39.2° F, • ... -\ , 
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4-11 

Energy intensity for freight 
transportation, 1976 



4-12 

Energy intensity for local and 
intercity passenger travel, 1976 
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Energy requirements for transportation 
depend, among other factors, on the type 
of vehicle, its speed and condition, load, 
and length of trip. 



Because of the large loads and long 
distances traveled, water transport is the 
most energy efficient of the four major 
modes used to transport freight. ■ 



For local passenger travel, bus and rail 
transit use about the same amount of 
energy—3,000 Btu per passenger-mile. 
The automobile, uses 4'300 Btu per 
passenger-mile. 
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4-13 

Automobile fuel economy 
and standards, 1940-1835 
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■ Fuel economy for new automobiles has 
improved in the past 5 years, and it will . 
continue to improve if Federal fuel 

' ecbnbmy standards of 27,5 miles per 
gallon for new autos are reached by 1985. 
Average fuel economy for the entire fleet 
will not improve as rapidly because many 
large, fuel-inefficient vehicles are still on 
the road. 
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Increased efficiency is a function ol 
motor vehicle design, lighter weight auto- 
mobilesr-and-loweiJiorsepower Overall 
efficiency depends on how The~c"ars-ar- 
driven, emissions control and safety equip ; 
ment, upkeep, passenger load, road 
surface, and other factors. - 
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4-14 

Automobile emissions and standards, 
1957-1985 
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1979 1980 1 981 - 
1985 



Transportation vehicles are major . 
polluters. In 1977, theyproduced 83% of ■ 
the. carbon monoxide, 41% oi the hydro- ; 
carbons, and 40%'of the nitrogen oxides' . 
; emitted inib the atmosphere. These . 
' ' emissions cause serious health problems ]:;■ 
arid affect plants and wildlife along rights- 
of-way. When hydrocarbons and nitrogen 
oxides are mixed with sunlight, they create 
ozone and other chemica* oxidants that 
aggravate respiratory illnesses and are a 



iworsLpoiiut- 
ers, but emissions are decreasing. For the 
" averageiauto, the amount was reduced to 
twothirds the 1957^19NB7 iey^-^the'v' 
• ' latest year-model, the 1 reduction .was over : 

reduction Irtllatest year-model emissions if 
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Noise levels o! surface transportation 
vehicles, 1971 : 
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Surface vehicles, particularly trains, heavy- 
duty trucks, motorcycles, and intercity 
buses, are noisy. They are the main 
source of noise outside the home and 
workplace. An estimated 13.5 million peo- 
ple are exposed to outdoor noise from 
transportation or recreation vehicles at a 
level high enough to risk permanent 
damage to hearing. 

The long-term health effects of ex- 
cessive noise are well established. When 
the highly specialized cells needed for 
hearing are exposed to excessive noise, 
they are destroyed and some hearing is 
lost. The damage is irreversible'. 

Noise is measured in decibeis (dB), 
which are an indirect measure of-eound 
pressure. Noise levels of 75 dB or higher 
for an 8-hour period are* considered 
harmful. An increase of 10 dB- means that 
loudness has apparently doubled; an 
increase of 20. dB would quadruple ' • 
apparent loudness. 

□ Each vehipteils ranked according to the 
noise thatlf creates when moving, as 
measured from 50 feet away. Accelerating 
vehicles are much noiser. ■• 
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Population exposed to noise at 23 
major airports, 1972 
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For many, aircraft noise is a major disturb 
ance. In 1972, an estimated 6.1 million 
people lived in areas exposed to aircraft . 
noise in excess of NEF '30, a point at 
which people bfyirf to complain to public 
authorities. Of the 6.1 million, 600,000 
lived in areas where aircraft noise 
exceeds NEF 40. 

As of January 1?T'*J. a-, ■■p-jiBhed 
curfews on air traffic to rtauce noise 
levels. Of the 40, 11 were major commer- 
cial airports (Baltimore-Washington, 
National; and Dulles in the Washington, 
D.C. area; Minneapotis-St. Paul, Minn,; 
Boston, Mass.; San Dego, Calif.; Buffalo, 
N.Y.; Charlotte, N.C.; Nashville, Term.; San • 
Jose, Calif.; a>id Columbus, Ohio),. 

D NEF, noise exposure forecast, is the 
total aircraft-generated noise measured at 
Ideations near an airport during a typicaPj J 
24 hours". 



Sources and technical notes 



Major transportation networks, 1925-1978 

Roads, 1925-1970: Historca' statics of 
the United Sidles, colonial titm to 1910, 
U.S. Bureau of the Census (Washington: 
L'SGPO. 1975), p, 710. Wgfiivay slalisfe. 
summary ro 1575, Federal Highway 
Administration (Washington: USGPC, 1977), 
p, 211. 1977: -Highway statistics '977, 
Fede-al Highway Administration (Washington: ' 

USGPO, 1979). p. 229. 
National Interstate Highway System, 

1956-1978: "Quarterly report on the Federal- 
aid highway program, Decembei 31, 1978," 
U.S. Department of Transportation, Office of 
Assistant Secreiary for Governmental and 
Public Affairs (news release, April 24, 1979, 
and previous issues). 

Natural gas pipelines, 1950-1976: "Brief 
excerpts from Gas facte," American Gas 
Association (Arlington, Va„ 1978), p. 7. . 

Petroleum pipelines, 1963-1976: Statistical 
abstract of (he Wed States: 1973, U.S. ' 
Bureau of the Census (Washington: USGPO, 
1978), table 1128, p. 665. 

Railways, 1929-1977: Yearbook of railroad 
facte, Association of American Railroads 
(Washington, D.C, 1979), p. 46. 
Airways and inland waterways, 1939-1976: 
Importation /acts and trends (14th ed.), 
Transportation Association of America 
(Washington, D.C., 1978), p. 31, 

Heavy rail transit (subway), 1945-1975: 
"United States rapid transit systems," Bob • 
Abrams, National Capital Transportation 
■ Agency (Washington, DC, 1965). U.S. 
■Department ol Transportation. Urban Mass 
transit Administration, unpublished data, , 
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Iransportation vehicles, 
1920-1978 

Autos, trucks, arid t^ses, 1921—1975 
H'gftivsysla-isl/cs, sorcmary 10 1975, Fecera : 
Hsghivay AcTiin;stra:icn rWasnngion. USGPO. 
1977). raote WV-200- p -35 1976-1977: 
H/jnivsy saf'SWS f977. f ecera! H ghv»ay 
AdmniaralicnlWashinsion USGPO, 1979). 
p. 62. 

n Bicycles, '963-1970: Sqcie iuvMa- 
fin, U S Environmental Protection Agency 
(Washington- JJjGPO, 1974), p £9. 
1975-1978: Bicycle Manufacturers Associa- 
tion, unpublished data. 

Motorcycles. t940: S/afcftca/afislwcfo/ 
me (MedS/affis. 7976, U.S. Bureau of the 
Census (Washington: USGPO, 1976) table 
988, p. 593 1350-1977: Smulmmt 
o/lfte Wed Slates: /978iV:^hingion. » 
USGPO, 1978), lable,.1090.p. 

Ratlroadcars; 1929-1977: i'eartoclt 0/ 
rai/roat (acfs, Association oknienran 
-..-s (Washington, DC ,1979), PP 48. . 

Cr:n aircraft. 192E-1955: HiS/orica/ 
sia.W/cs y/ ffie Wed S/a/es, cO'W wes 
fo 1970. U.C. Bureau ol the Census . . 
iWas'^on: USGPO, 1&75), p. 772. 
1960-1976: Stitistical ateltaa olthe 

1978, U.S. Bureau of the" Census 
(Washington. USGPO, 1978), table 1131. p. 
659, 

Recreational boats. 1973-19^ ftecrea- 
//or/a; boMg in the congenial i ruled tes 
in 1973 and 7976 7te torwde £ta' r ff 
Si/rvey. US' 4 Coast Gi. : .ird (Washington. 
USGPO, 1978), pp.2l.T2 

Freight vessels. 1970- '976' Importm 
energy "conservai/on rials ooofr (3rd ed j Oak 
Ridge National Laboratory (Oak Ridge, Tern., 

1979). p. M 54 

Population: Sfai/sf/ca/ aPs/raci olthe 
tofed Siafes; 1975, U.S. Bureau ol the Cen- 
sus (Washington: USGPO, 1978), table 2, p. 6 



Autos, trucks, and 'buses irace rec'S'erec 
;en, c:es 

Motorcycles, 19^0-1977, include registra- 
tions ot purely owned motorcycles anc * 
excluces military vehicles. Trie 1 977 data are 
estimated. 

Ra^oad ca r s include locomotives, '^r: 
cars, ar-cj passenger car* in service 

Civi! aircraft 1950-1976, mciuoes active 
and inactive aircraft, gliders, autoes," 
oaiioons, ana Dhmps 

Recreational Doafs, 1973-1976. include 
runabouts, rowboais. johnboats. sailboats*, 
canoes, cabin cruisers, skiffs, angles, 
kayaks, rafts, houseboats, and other boats. ' 

Freight vessel ?970~ 1976. include 
to;;Doats. tugs, and barges operated jor 
freight transportation on U,S waterways 

Population is the resident population. 



4<3 

Sales of specialized vehicles, 
1961-1973 

Motccyc'es *972-i977: m^oiaqcl? 
sfatesca/ wrjzl, Motorcycle industry Coun* 
cii (Washington, DC, 1973?, p. 12, ana 
previous annua' issues. 

SnowmoDiies. kn assesswro ot tr>e 
snOiV/roMe trmlftlmg industry and 
spo'i. ?97fi, International Snowmobile In- 
cfustry Association (Washington, D.C.. 1978), 
append^ A. p. 47. 

Recreational vehicles, 1961-1966: Motor 
vehicle teefs and f/gures 1976. Motor Vehicle, 
t Manufacturers Association (Detroit, 1977). p. 
27. 1967-1977: facts and (rends 1977. 
Recreational Vehicle Indusiry Association . 
(CbanWy. Va , 1978K p. 4. 1978: Martaiig 
\ report, Recreational Vehicle Industry Associa- 
tion (Chaptaiy.Va.. 1979), p, 6. 

Mopeds, 1975-1977: Moped Association of 
America, unpublished data, 1978: News 
release. - 

Motorcycles include wholesale shipments 
■ 10 dealers by Harley Davidson, Honda. 
Kawasaki, Suzuki, and Yamaha for on- 
highway, off-highway, and dual-purpose bikes. 

Recreational vehicles include total 
shipments of travel trailers, truck campers, 
camping trailer j. and motor homes, except 
for 1961-1961 when motor homes are ex* 
eluded, ■ ' - 

Snowmobiles'mciude ail North American 
retail sales. Year refers to mode! year: for ex- 
ample. 1978 data are for April 1977 through 
March 1978. 

44 

Local passenger travel, 1950-1975 

U.S. Department of Transportation, Office 
of 'he Secretary, unpublished data, in £/)• 
wonmenla/ Ouafffy — J977* Council on En- 
vironmental Quality (Washington: USGPO, 
1977), p. 321. 

Autos include taxis and personal trucks. 
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4-5 

Principal means o! transportation 
towork,1960-1977 

•'fy&T. Res/c'enbai energy uses. US 
Bu-sa-j oi C^ysiWas^cn' USGPO. 
19</i current housing repons. series H-123, 
scecial retorts, era'! 6 

n 7 4-'&77 ^fa-ai ' n C^'-C -W-t '577 
US fijrt-juctihe Census iWasnr.gion 
USGPO '979i pa ;, .A.p 6. anc previous an- 

On a;e nc: strictly coT>Darab : e. Data lor 
1960-1970 include ail tfoikets 14 years cid 
and cdet; 197M977 data rclude heads ol 
hnusewds oniy ■ 

4-6 

Principal means ol transportation 
to work, by location, 1977 

See 4-5. - 
4-7 , 

Intercity passenger travel, 
1929-1977 

Ail modes. 1929. National (ranspor/af/on 
trends and cnoices. U.S. Department ol 
" Transportation (Washington: USGPO. 1977), 
p 114. 1939-1959. Jmspoilation fids and 
trends (I3iri ed). Transporiatioi. Association 
Ol Arr,ero (Washington. O.C.. 1977), p. 18 
Allmodes except air, 1960-1977: Mu'or ■ 
^defects and figures '978. Motor Vehicle 
Manufacturers Association (Washington, DC, 

!978i. p 54 
. Air, 1960-1977: feospor/aPOn feels and 
(rends i.Kih ed). Transportation Assoatoi 
ol America (Washington; D.C., 1978). p. 18. 

Potation SMistalMtactol (he 
Hod Slates '978. U S Bureau of the Cen- 
sus (Washington USGPO. 1978), taole 2, p, 6, 

All 19J7 data are preliminary, 

Autos and buses data'mcludeuniracity 
portions ol intercity tups and excludes rural- 
lo rural trips, stnetty mtracity trips with both 
origin and destination in !he same cily. local 
' bus or Transit movement, and nonrevenue 
school and governmenl bus operation. 
* Railroad dala include commuter travel 

Commercial aircraft. 1970-1977, includes 
Alaska and Hawaii. 

Population is the resident population. 
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Intercity freight transportation, 
1923-1977 

1929 National wsoomtm tiends 
cite US Department of Transportat -n 
Washington USGPO, 1977), p. 114. 

1939-1977 ftanspO'fafron feClS eofj 
(rends (14th ed ), Transportation Association 
ol America |V.'asning:cn,OC.i97£i.p 3. 

Data mouoebom tor-hire and private 
earners and ma" and express transportation 
as appropriate. e<cepl fo» railroads, 
196*- -977. 

4-9 

Major pipelines, 1975 

■Malrjnal transportation mds and thorn. 
append//— U.S. transportation aflas, U.S. 
Department of Transportation (Washington; 
USGPO 1976). 

4-10 

Energy consumption, by mode 
ol transportation, 1965-1977 

Transportation energy common dm 
book (3rd ed.), Oak Ridge National Laboratory 
(Oak Ridge, Tenn., 1979), ORNL-5493, p. 2-13 

Energy use lorrecrealional boats, included ' 
in the total, is not disaggregated separately. 
One estimate for 1976 puts this figure at 0 38 
quads per year. 

Highway total includes civilian autos 
(passenger cajs andt-'is). motorcycles, 
.•Doses (intercity, school anc local), and 
trucks. 

Air includes general aviation and certilied 

■air carriers. 

Water transport is estimated from fuel 
puichased domestically. 

Rail includes local rail (heavy arid light) and 
operating Class! railroads (passenger and' 



Total for all modes includes gasoline used 
lor other purposes than highway, water, and 
airl transportation, such as lor cleaning fluid, 
lire starters, lawn moweis, etc 
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Energy intensity for freight 
transportation, 1976 

See 4-10. p. 2-28. . 

Tne u r t of measure is the numoer of Btu 
consumed pei route-ion-miie. A route-ion-mile 
represents one ton of goods transported one 
route-mile. A fo-?e-mi:e Is the dstance trave • 
ed between two selected points, a distance 
mat dillers lor transportation modes For e* 
ample, tne dislr ice traveled by air ,s shorter 
than that traveled uy auto or rail, so that cat?, 
are not strictly comparable among modes, 

Data lor pipelines are not available ma 
comparable torm. 

4-12 

Energy intensity lor local and inter- 
city passenger travel, 1976 

See 4-10, p. 2-28. 

The unit ol measure is the number of Btu 
consumed per route-passenger-mile traveled. 
A route-passenger-miie represents one 
passenger traveling one route-mile. (See 
4-11.) 

Data do not include energy used in con- 
struction and maintenance. 

Disaggregated local and intercity auto 
passenger travel data are not available. 

4-13 

Automobile fuel economy 
and standards, 1940-1985 , 

All cars: Highway statistics 1977, Federal 
Highway Administration (Washington: USGPO, 
1979). table VM-1,p! 100, and previous 
annual issues, Hiyhmy statistics, summary 
to 1965, Federal Highway Administration 
(Washington: USGPO. I967)*taele VM-201A, 
p. 42. " 

New cars: fransporfaiion energy conserva- 
r/ondala took (3rd ed.), Oak Ridge National 
Laboratory (Oak R'dge, Tenn., 1979), 
ORNL-5493. p. 2-29. : " 

Dala aie noi strictly comparable. 
' , Data for all cars are based on the average 
number ol miles traveled per gallon of fuel 
consumed. • . 

.SSS-SS ~».D.C,,«p. 2 » 
take mto-account bcthfity and highway 
.driving, " 



New cars. 1957-1974 mocei years, 
procuction data were usee. 1975-1978 motel 
yea's, manufacturers' sa'es forecast data 
were used. 

4-14 

Automobile emissions and standards, 
1957-1985 

'<-, autos. 1957-1967 SMshCclziiisctoi 
"?jwefJSa:er 7978. US Bureau cl the 
Census (Wasrngton USGPO. 5976). tate 
350. p. 215 1970-1978 U S Environmental 
Protection Agency, unpublished data 

New autos; Ite costs oi clean a;r. 1974, 
' U.S. Environmental Protection Agency 
(Washington, D.C, 1974), table 3-1, p. 111-4. ' 
Mcm k ''e exnaid emission surveillance 
analysis J tne feca, year W^mm, U.S, 
, Environmental Protection Agency (Ann Arbor. 
Mich.. 1976). p, 12. Emuomental 
qualify- 1977, Council on Environmental 
Quality (Washington: USGPO, 1977), p. 22. 
U.S. Department of Commerce, Bureau cl 
Economic Analysis, unpublished data. 

Emissions from all light-duly aides, 
1970-1978, and'lrom all new autos are 
measured by the 1975 Federal Test 
Procedure, which assumes an average speed 
ol 19.6 miles per hour at 75° F. 

1957-1974: Passenger cars and light-duty 
trucks with a gioss vehicle weight ol 6,000 
pounds or less, 
1975-1985: Passenger cars only. 
Nitrogen oxides, 1957-19G7: No estimates 
available 

4-15 

Noise levels ol surface transportation 
vehicles, 1971 

Report to (he President and Ceng/e»Of> 
noise, U.S, Environmental Protection Agency 
(Wa^ngton; USGPO. 1972), Sen. doc. 92-63. 
P 2-77 , . 
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Population exposed to noise 
at 23 major^frports, 1972 

Aviator/ noise abatement policy, U.S. 
Department ol Transportation, Office pt the 
Secretary, and Federal Aviation Adminislra- 
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Chapter 5 j 

Material Use 
and Solid Wastes 



i n evt??y industrial soc'ety, raw mate r *s : s 
are extracted, refined, processed, a-d 
transformed into finished products- Along 
the way, these processes generate large 
quantities of wastes, particularly solid 
wastes. 

Such wastes are inevitable byproducts 
of industry. But this raises questions about 
controlling the amounts and types of mate- 
rials needed to produce goods, the 
amounts and tyoes of waster* that will be 
created, and the ways irf which they wiil 
be disposea. 

The main Question is whether the proc- 
esses by which raw materials are refined, 
products, made, and goods consumed can 
ne modified to reduce waste without greatly 



modifying the Nation's standards of living. 
iU 5. residents produce roughly twice as 
much consumer soUd waste as do people 
living m countries with comparable econ- 
omies and standards of living.) 

StiH other questions re^te to f he 
amounts of waste that can be reused or 
recycled economically and to controlling 
the disposal of wastes, particularly hazard- 
ous wastes, in order to reduce damage to 
human health and the environment- 
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5-1 

Flow of materials, products, 
and solid wastes, 1977 

Each year billions of tons of virgin materials 
are extracted from mines, forests, and 
croplands. As a result*, roughly 2.5 billion 
tons of solid wastes are generated in the 
lorm of mine tailings and spoils, forest 
residuals, and crop wastes. 

The extracted material is purified, 
chemically treated^physjcally formed, or, 
at minh.ium, cleaned on the way to 
becoming a finished raw material — for 
example, from iron ore'to steel, from saw 
logs to lumber, and from roundwood to 
wood pulp. This processing requires large 
amounts of water and energy.- and it gen- 
erates large volumes of liquid, gaseous, 
and solid wastes *hat are often among the 
most harmful to the environment and the 
most difficult to control. In excess of 2.4 
billion tons of crude materials are then 
transformed into finished products each 
year. . ; 

The refining and fabricating processes 
generate an estimated 250 million'tons of 
solid wastes per year. Most come from 
manufacturing, but large quantities ajso 
come from the transportation, communica- 
tion, arv.- utilities industries. \ 
\The finished products may be long-lived 
capital goods, such as homes, commercial 
buildings, and automobiles, or short-lived • 
consumer goods. Sooner or later these \ 
.goods and their packaging become waste, 
as well. \ 



(million tons per year) 

< 
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U.S. material consumption, 1948-1978 



Aftsr substantial growth from 1948 to 



This slower growth may result in part 
from the slower, growth of economic activ- 
ity and of population. Measured in coh- 
'stanjktoliar gross national product, the . 
economy as a whole grew at a rate of 
2.8% per year from 1969 to 1978, com- 
• pared to 3.7% and 4.1 %, in previous 
decades. Population grew at an annual' 
■rate of 0.9% since 1968, compared to 
1.5% for the two preceding' decades. 



1 968, consumption-in,"airma]OTTSiate rial 
groups except petroleum and plastic^ 
resins has slowed. 
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5-4 

U.S. material consumption per capita, 
1948-1978 

Between 1968 and 1978, per capita con- 
sumption of most basic. raw materials . 
limost¥aolfizedrPe!ro!eum consumption - 
increased 30% from just over 1,000 to 
1 ,307 gallons per person per year. Plastic 
resins consumption doubled, to 172 
pounds per person per year. 
• Relative to historical levels and" to other 
countries, the United States continues to 
consume very large quantities of basic 
raw materials, but growth in consumption 
is slowing, and it may be declining relative 
to overall economic activity. 
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Most materials and goods eventually 
'become wastes. They are generated at 
every stage in the production, use, and 
disposal of manufactured products. 

After the extractive industries, the 
largest amount of wastes comes from, 
manufacturing. In 1977.' these industries 
disposed of an estimated 160 million tons 
of solid wastes as sludge, slags, dusts, 
paper materials, and other organic and 

inorganic materials'. : . ' 

The chemical and primary metal indus- 
tries produced the largest quantities. Much 
of the solid wastes generated by the ■ 
chemical industry comes from processing., 
phosphate fertilizer. 

Most solid wastes from manufacturing \ 
are disposed of in landfills, open dumps, or 
impoundments, where pollutants often 
leach into or run off to ground and surface 
waters.y\dverse environmental impacts 
caafeccur years after disposal. ... 
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5-6 

Hazardous wastes ganoraled, 
» by selected Industries, 1975 ! 



5.7 

Industrial hazardous wastes 
^by EPA region, 1975 



' ; Primary metals, smelling, and refining 



Organic chemicals, pesticides, and explosives 



Electroplating 



Inorganic chemicals 



Textile dyeing and linishing 



\ 



Petroleum refining 



Rubber and plastics 



0 I 2 3 4 5, 
.Million metric tons per year, wet weight 



7 8 9 1( 




Percent ol total hazardous waste generated 
M O^o S 10-19% Hi 20%* 



About W% ol all industrial wastes poise a 
possible threat to'human health or living 
organisms. They include toxic chemicals 1 , 
pesticides, heavy metals, oils, acids, 
caustics, flammables, explosives, and 
radioactive wastes. Most are ''quids or 
semtliquids (sludge), but some are solids 
or gases. They are created by industries, 
(arms, government installations (the ' 
Departments of Energy and Defense), hos- 
pitals, and laboratories,' , 



□ The industries listed in the bar chart 
account for approximately 60% of all' 
industrial hazardous wastes. 



Potentially hazardous wastes are concen- 
trated in a few regions ol the country, EPA 
Region V has the largest amounts ol ; 
hazardous wastes from six industries- • 

batteries, primary metals, electroplating, 

special machinery, paints, and waste oil- 
from refining; and-Region IV was first fn 
inorganic and organic chemicals, explo- ■ 
srVes and pesticides, and petroleum 
refining, ' , N ' 

Although generated as byproducts of , 
industrial processes, most hazardous 
wastes are disposed of away from the > 
plants, EPA estimates the number of 
active hazardous waste disposal sites at 
over 19,000 and the total number of active 
and inactive sites at nearly 50,000, 



, Numerous, olten tragic, cases of dam- 
age, to. people, plants, and animals result 
Irom improper disposal ol these wastes. 

Most potentially hazardous wastes are . 
-disposed of on land, Only 10% are ade- 
quately disposed of, and 2% are recov- 
ered or recycled. Common disposal ,. 
methods Include lagooning In unfined sur- 
face impoundments, 50%; dump and land- 
filling, 30%; uncoritrolled burning. 10%; ■ 
and deep well injection, less than 10%-. 
all melhodsfhat do not fully contain the . 
wastes. The most common damage . 
reported il contamination of ground and . 
surface waters, 
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Consumer solid wastes imposed of 
and recycled, 196Q-1')7S 
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Consumer solid wastes disposed of, 
by materials, (978 



MillK ' s 




Gross loosed 



, Net disposed 



Recycled 



1960 — 1965 1970 1975 1980 



Total . 




flip 






Paper 
















Yard ■ 




r 












Food 









Glass 



m. 



Miscellaneous' 



25 



liion tons 



50 



75 



'Miscellaneous includes plastics! rubber 
and leather, textiles, wood, and some 
inorganic wastes. 



100 125 150 



Consumer wgstes are almost as volumi- 
nous as manufacturing wastes. Consumer . 
solid wastes— the used residential and 
commercial. product&ltat end up as 
municipal trash and garbage-totaled 150 
- million tons in 1978, equal to about 3.7 : f 
pounds per person per day. By 1990, con- , 
sumer ^lid wastes are projected to grow 

( E RJC )n tons P er y ear ' w ^ ch is 4,4 
jjonnovper persqrj per day, (The 1975 



does not necessarily indicate a long-term 
trend.)' 

The wastes recovered for productive 
uses are only-8% (12 million tons) of all 
discards, 

Consumer solid wastes are disposed of 
across the Nation in 16,000 landfills, 200 
incinerators, thousands of open dumps, 
and as litter everywhere. About 8% are ■ 
incinerated. . . 



Paper is the largest category of consumer 
solid wastes, followed by yard wastes; 
lood, glass, and metals. 

In the past 25 years, changes have 
occurred in the composition of solid 
wastes disposed of. The increases are in 
paper, aluminum, packaging material, 
plastics, nonrefurnable beverage con- 
tainers, and collected yard wastes, The' 
decreases are in food wastes and in coal 
and wood ashes. 
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Recycled consuer solid wastes, 
by material, 1960-1978 



Percent of gross discards recycled 



20 



15 



Paper and 
J papeiboard 



10 




Aluminum 



Rubber 
Glass 

Ferrous metals 



1960 1965 1970- 1975 1980 



Only a small percentage ol consumer 
wastes is recycled, Wastepaper accounts 
for more than 84% of it. The rate ol ' 
recycling for wastepaper (more tharir15%) 
is higher than that for any. other waste. 

Aluminum recycling has been growing 
because ol the number ol aluminum • 
beverage cans made from recycled mate- •'• 
rial. In 1978. more than a fourth of these v 
c; o fcycled. 

ml* I 
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U.S. material consumption, 
1948-1978 

5* H table 3 p a, 

Eivnates for me raw materials consumed 
rtccou'i! for mote man 95'% ot all material 
uw oy v.e«gm Op'v large volume materials 
rave seen induced Synthetic orgamcs other 
"than plastics and many metals .'.ere omitled. 

5-3 

U.'S. material consumption 
in relation lo gross national 
product, 1948-1978 

See 5-1. table 4, p 29 
5-4 

U.S. material consumption 
per capita, 1948-1978 . 

See 5-1. tal*! 4. p 29. 
5-5 

Solid wastes disposed ol by manufaclur- 
ing industries, 1974-1977 

Pollution 'Memt costs ancf expend/- 
Wl U.S. Buieau ol the Census 
(WasNgton USGPO. 1979), current industrial 
repons MA,200(77i-2, table 4a. and previous 
annual issues. 

Data ificl'ide solid wastes properly disposed 
ol by moans acceptable lo local. State, and . 
Federal authorities. Recovered materials are 
excluded. The aggregated data are composed 
partly ol wet weight and partly ol dry weight 
figures. Wet weight, which includes the water 
content, is the tonnage actually handled and 
charged lor by the waste treatment industry. 

The apparent decline in lumber wastes • 
between 1976 and. 1977 may reflect a change 
in survey samples rather than a change in the 
amoun! of solid wastes disposed ol, 

Sludge is the residue from scrubbers or 
• alter wastewater has been treated; 

Dumps, landlills, sanitary landlills, and 
secured land* are the four major types ol 



solid waste land disposal sites tha* receive 
both municipal ana industrial (inducing com- 
meioal) solid waste. In its Report to Con- 
yess; Was/e rf/sposa/ practices aro/ then 
: effects of) ground wafer jWashmgton; USGPO, 
/ 1977). p, 145. EPA has defined the lour major 
; types ol sites as follows: 
■ "A dump is an uncovered land disposal site 
where solid and/or liquid wastes are deposited 
with little or no regard for pollution control or 
aesthetics. Dumps ?re susceptible to open 
Durning and are exposed \i the elements, 
vectors, and scavengers, 

"A landfill is a land disposal site located 
without regard lo possible effects on water 
resources, but which employs intermittent or . 
daily cover to minimize scavenger, aesthetic, 
vector, and air pollution problems. 

"A sanitary landfill is a land disposal site 
that employs an engineered method ol dis- 
posing ol solid wastes on land in a manner 
■ that minimizes environmental hazards by 
spreading the solid wastes in thin layers, 
compacting the solid wastes to the smallest 
practical volume, and applying and compact- ■ 
mg cover material al the end of each oper- 
ating day, 

"A secured landlill is a land disposal site 
that allocs no hydraulic connection with 
natural waters,- segregates the waste, has 
restricted access, and is continually moni- 
tored." ( 

Leachale is formed from water percolating 
through solid wastes, Leachale from post' 
consumer solid .wastes is a highly mineralized 
fluid containing chloride, iron, lead, copper, 
sodium, nitrate, and a variety ol organic " 
chemicals. Municipal sites generate about 90 
billion gallons of leachale per year, most of it 
filtering into ground water. II manufacturing 
wastes are included, hazardous substances ^ 
such as cyanide, cadmium, chromium, chlori- 
nated hydrocarbons, and PCBs may be present 
in leachale, ; 
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Hazardous wastes generated, 
by selected industries, 1975 

"USEPA's industry studies on hazardous 
waste management," presented at the 
National Conference on Hazardous Waste 
Management,' San Francis* February V 
,1977, table 3, p. 9. 

Data on hazardous wastes by the manufac- 
turing sector are not strictly comparable to ■ 
the data on total manufacturing solid waste 
shown in 5-5. 

EPA studied seven other industries: Special 
machinery, which generates 0.16 million 
metric ions per year; leather tanning, 0,15; 
paint and allied products, 0,10; pharmaceuti- 
cals, 0.0?. waste oil redlining, 0.06; elec- 
tronic components, 0.04; batteries, 0,01. 

Hazardous wastes can damage human 
health or living organisms oeciuse these ^ 
wastes are lethal, nondegradable, or , 1 
persistent. They can be biologically magnilied. 
They can cause or tend to cause detrimental, 
cumulative effects. 

EPA has defined potentially hazardous 
wasle m terms of potential damage from 
improper land disposal. These damages 
include "ground water contamination via 
leachale; surface water contamination via 
runoff; air pollution via open burning, evapo- 
ration, sublimation, and wind erosion; poison- 
ing via direct contact; poisoning via the food 
chciin; and lire and explosion; ("The poten- 
tial for national heallh and environmental 
damages from industrial residue disposal,' 1 E. 
C. Lazar, et al, in Proceedings of the ' 
National Conference on Disposal of Residues 
on Land, Seplember 13-15, 1976, sponsored 
■ by the EPA Office ol Solid Waste, p. 196.) 
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Industrial hazardous wastes generated, 
by EPA region, 1975 

See 5-6,taDle'5, p. 13.- 
5-8 

Consumer solid wastes disposed 
ol and recycled, 1960-1978 

i960 -i 970: "Post-consumer solid waste 
and resource recovery baseline," Franklin 
Associates, Ltd., prepared lor theFjesource 
Conservation Committee (Washington: EPA, 
1979), table 1, p. 9. ; j 

1971-1976: Environmental Protection 
Agency, Ollice ol Solid Wasle, unpublished 
data. , 

1977-1978: Franklin Associates, Ltd:, 
unpublished data prepared lor the 
Committee. 

Consumer solid wastes exclude wastewater 
treatment siudge (about 5 million ions, dry 
weigh!, per year), discarded aulos and build- ' 
mg demolition materials (30-40 million tons 
per year), street sweepings, and litter. 

Illood and yard wastes are excluded, the 
net waste disposed ol by consumer resi- 
dential and commercial sources in 1978 
becomes 100 million tons. 

5-9 

Consumer solid wastes disposed ol, 
by material, 1978 

. See 5-8, 
5-10 

• Recycled consumer solid wastes, 
by material, 1960-1978 

1960-1970: See 5-8, pp. 11, 21. 

1971-1975: Resource recovery and waste 
leduction: Fourth report !o Congress, EPA 
(Washington: USGPO, 1977), SW-600, table 6, 
p. 19. 

' 1976: Environmental Protection Agency^, 
unpublished data, • 
1977-1978; See 5-8. 

Data for ferrous metals are highly inferen- 
tial and preliminary. ■ 



Chapter 6 



Toxic Substances 



Because "toxic" is a relative term, it is not 
useful to classify atl chemicals as toxic or 
nontoxic. Toxic effects depend not only on 
the composition and basic properties of a 
substance or mixture but also on the 
dosage, route and conditions of exposure, 
susceptibility of the organism exposed, 
and other factors. 

In this discussion, toxic substances are 
chemicals or mixtures of chemicals, either 
synthetic or natural, that are poisonous to 
humans, plants, or animals under expected 
conditions of use and exposure. These 
substances include pesticides, some 
industrial chemicals, drugs, hazardous 
wastes, and radioactive materials. 

Toxic substances can cause immediate 
poisoning, behavioral and other nervous 
system disorders, and other illnesses. 
Over time, exposure can !ec;d to chronic 
ailments and disability and can affect the 
growth of cells, sometimes causing cancer, 
genetic damage, or mutation. Owing to 
their widespread distribution, use, and 
disposal, toxic substances pervade the 
environment. 

Four kinds of toxic substances have 
. been chosen to illustrate conditions and 
trends: pesticides, industrial chemicals, 
metals, and radioactive materials. The 
examples chosen are known to be dam- 
aging to wildlife and natural systems as 
well as people; and data are available on ■ 
their production, use, distribution, and 
effects. Most have been studied in detail 
and are or were important commercially.- 
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Selected toxic substances 



A great deal has been discovered about 
how some .voll-known toxic substances 
move through the environment and influ- 
ence tne health oi wildlife and humans. 
Many have been identified only after harm 
was apparent. Few substances are ade- * 
quately tested for long-term" toxicity before 
they are produced and used. Few are 



adequately monitored !o ensure that con- 
centrations remain below safe levels. And 
tittle is known about the cumulative and 
interactive effects on the heal'h of living 
systems of so many of the toxic substances 
that are present in the environment. 



Pesticides 
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Tremor degradation of central 
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.vofKiits suspected caicmoqe* 

rO'TiS nilJOSiiniinoR >n mtes^: 



Rooroauctive te'ue of o»ds and 



Reproductive la:iM? o! f:sn, 
eggshell !fi:nni*tg in fords 

Accumt^.o'i m f'$n -x\w,m c* 
70iv:v carnage !o Uv? C to 



Industrial chemicals 
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Vip.yj »:n::jfi:j».- 



P-'iroieum firming 



Ctowicallv rnnnulacnrTfU 



Chemically m f 'in:jf;iclufiKj 



r V;5X rey" [?T/'S >>!'"S 

Bi-Vi'tyj': DCv.V'ii 

Hm"? iniinfjs. kuwlitig. 

pii/Juils 

Gas additive. 'nsecliodes. arts an^ 
crafts supples detergents, 
moldings, fibors 

P:jjI cw |ndd>\1 to ji'-'i'^'.'iv 
lesinsi 

lnaustrsa= I'uids. capacitors 
transformers. iv?a! Iiansh taJs 

MSllCtfelS 



Piyslirs, polyvinyl cr^ondf 



usDeCteg carcinogen 



Lunq damage, lung cancer, 
stomacn cancer 



Anemia, bone mairow damage 
leukemia 



CMS danv/;/> 



Fatigue, vomiting, shr. blemishes, 
abdominal pam, temporary 
blindness, &WI births suspected 
Uiunogen 

Liver damage, biriii anomalies, 
iiver, resonate/, bram. lymoh 
cancers, circulatory, bone damages 



Phases vc c r -'"cai Mitogen 
cvd-i:^- 5' "iea 



/ 



Accumulation m birds, eggshell 
m tads. ioa'C io iish k 



Liver damage in mammals, kidney 
damage pggsW thmriiuj m birds, 
suspected reproductive failure m 



C-rcna; sc-'ce 



Pas:. o f esen 4 .ses 



Human nea:tn ejects 



Environmental effects 



Metals 



M-.'fr.ijfy 



f.*.n;ng, ore-smo.img 



M;n.ng. zinc-s r re!^ng, 
sewage sludge 



Mining, leaching 



Mining, teaching, 
volcamc action 



Glass, pestioces. hsrcemng agent Vomiting, poisoning, degeneration Persists in soil toxic 10 legume 



for cooper, ?ead and anoys 

Electroplating batteries, pigments. Headache, vomiting, chest pains. 



of wer and kidneys, lung, liver. 
lyT.ph, skm cancer 



pestioces. stabler in plastics, 
ires 



Batteries, gas additives, pami, 
tan* linings, pipings 

Chlorine production (Chlor-aikali) 
scientific and .industrial 



hypertension, emphysema, heart 
disease, suspected carcinogen and 
mutagen,, kidney and nyer diseaso 

Anemia, wane; damage, CMS 
damage 

Irritability, nervousness, 
depression, hallucinations, kidney 



nsiruments. pesticices, batteries, damage, liver damage, CNS 
contraceptive jellies and creams damage, fetus abnormalities 



Soiar system 

So ! ls rocks, building materials 



Mrvr 



Pharmaceuticals 
Weapons use, testing 



Dermal and medical examinations, 
cancer treatment, medical 
treatment 



Radiation 

Nature ' 
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lefrest'iai 

Uia r vunv233 
lho'iunv232 

Radon-IX^ 
Manrcace 

MvGiCS. 
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4 Cobait-M 
Iodine- 131 

Fallout 

Cesium- 37 
Strontium-90 
lodme-129 
Thorium 

nuclear reactor 

• Krypton-85 ' 
Tritium 
lodine-131 

" Consumer products Decay products of radionuclides Watch dials, clock dials 
Radium-226 ' 

Source?: Summary characfer/si/cs of selected 

Mineral fads and pwbims, U.S. Bureau cflemte/s of near-ferm Metest, EPA 
ol Mines (Washington: USGPO, 1976), bull. (Washington: USGPO, 1976), EPA 

"sfc . 157 ? , 



Genetic mutation, cancer 



Mined prccjcts uranism fuel cycle Lung cancer 



Cancer, genetic notation 
Cancer, genetic mutation 



Controlled nuclear reaction Electric power generation 



Cancer, genetic mutation 



Cancer, genetic mutation 



Pest control: An assessment of present 



Academy ol Sciences (Washington, D.C„ 
1975), v. 



croos 



Tone to dsn low concentrations 



Poisoning m domestic animals, 
Dirds, and fish 

Reproductive failure, death ol fish 



Natural rate of genetic mutation, . 
and cancer 



Cancer, genetic mutation 



Cancer, genetic mutation ,;\ 



Cancer, genetic mutation 



□ Federal regulations on toxic substances 
were published in Wegu/a/ory Reporter, . 
Interagency Regulatory Liaison Group 
(Washington: USGPO, 1978) v,1, n. 1 ■ 
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Synthetic organic pesticide production, 
by type, 1950-1978 



Million pounds 




4 

) 



160 



6-3 ' - • 

Insecticide production, by typo 
of chemical, 



The use of synthetic organic chemicals lo 
control pests grew rapidly alter World 
War II. From 1950 to 375, production 
increased at an average annual rate of- . 
18%. With the worldwide grain shortage in 
1973-1974, U.S. farmers brought millions' 
of acr^ot food and teed grains into pro- 
duction and applied more pesticides than 
' ever before, When agricultural .expansion 
slowed, so did the production of'pesticides. 

Since the early 1970s, there have been 
changes in the type of pesticides used. 
Farmers are increasing their use of herbi* 
cic pR ^ .move to the minimum-till 
m ?.y^ wnq and preparing the soil 
for Dlantinq. 
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insecticides 

V V\ 



Organophosphorous, 
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' The total amount of insecticides applied to 
major crops has not increased appreciably 

'in recent years, although use, measured in 
terms of acres treated, grew 32% from ■ _ 
1971 to 1976, largely because of in- . 
creased corn applications, 
, Three major types of insecticides are 
used by farmers: organochlorines, organo- . 
phosphates, and carbamates. <'•••. 

The organochlorine compounds are.' . 
•being replaced as it becomes evident that 
they cause extensive, possibly irreparable, 

. harm to wildlife. Production of specific • 
insecticides was restricted and use cur- 
tailed. DDT was banned for most uses by 
EPA in 1972, but somejs still exported to v 

■ tropical countries tor mosquito control, ■ 

* Aldrin and dieldrin were banned for most 
uses in 1974, Heptachlor and chlordane ■ 
were banned lor crop use in 1975. Toxa- 
phene, now the most widely used organo- 
chlorine, is under review, and its use may 

be limited. • , '. . 
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Selected herbicides used by farmers 
on crops, 1964-1976 



Million pounds 
1, 000 1 



acres treated 



100 



,000 




Total 

herbicides 

■All other- 
herbicides 

Atrazine 

Alachlor, 
2.4-D 
Trif luralin " 





7 2,4-0 



y Trifluralin 



1964 ' • 197.0 1976 



1964 



1970 ' '1976 



Pounds per acre 
4 




" 1964 



More herbicide? than insecticides'are now 
used in agriculture. Herbicides were 



The changes in use are dramatic. Be- 
tween 1952 and 1976, corn acreage • 



from 5% to 84%, 



applied to more than hall of all'cropland in treated with herbicides increased from 
1976, whereas insecticides were applied 1.1% to 90%. Cotton acreage increased 
to less than a fifth. This increase is the 
result of more frequent applications, 
treatment of more acreage, and the ' 
development of new kinds and 
combinations of herbicides.* 
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Atrazine and alachlor, used mainly on 
corn, are the most common. Another 
herbicide, 2,4-D> used oa a wide variety 
of crops, including wheat, and on pasture- 
land. Trifluralin is used widely on cotton 
and soybeans. ; 
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Selocled Insecticides used by (aimers 
on crops, 1964-1976 



Million pounds 
1,000c 



100 




Total. . 
insecticides 

All other 
insecticides 

Toxaphene 
Methyl 
parathion 
C'arbofuran 

v 

Ethyl , 
parathion 



/ 



Aldrin/ 
dieldrin 



Million acres treated 
I ,.000 1 



100 



10 



1N 1 



1964 
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1964 



Total 

insecticides 




Methy^parathion 
Ethyl parathion 
Carbofuran 

Toxaphene 



1970- 1976 



Pounds per acre 1 
8 



>7 




■1964 



Toxaphene 



Average, all 
insecticides 
/ Methyl parathion 
' Aldrin/dieldrin 

Carbofuran 

Ethyl parathion 



1970 



1976 



The organophosphorous inseciicides — 
methyl parathion, ethyl parathion, mala- 
thion, diazinon, fonotos, acephate, and 
phorate-are very* toxic to both wildlife 
and humans when first applied, but they 
are less persistent than the 
organochlorines. 



As recently as 1966, organochlorines 
■ accounted for 60% of all farm crop \ 
insecticides used. By 1976, the figure had\ 
dropped to 29%, and,use of methyl 
parathion, ethyl parathion, malathion and 
other organophosphorous insecticides was 
at 49°/o. This chanye has helped reduce 
the residue problems because organo- 
phosphates break down more rapidly than 
the organochlorines. But when first 
applied, the, or^anophosphates and 



carbamates are more acutely toxic to 
both wildlife and humans than the 
organochlorines, 

' ^Among the insecticides, toxaphene/. , 
usea extensively in the Mississippi Delta 
States on cotton crops, was usedlhe 
most, It was followed by methyl parathion, 
also used on cotton, and carbofuran, used 
'on corn. 



w 

Pesticide residues In river water 
and sediments in Texas, Louisiana, 
and Oklahoma,' 



Festicide rescues are found in streams, 

rivers, lakes, fend coastal waters. They 
enter the wat\rv/ays from agricultural run- 
off, urban runoft, accidental spills, and dis- 
.charges at production sites, In 1976, 18 
States listed pesticides as major pollutants 
of. streams and rivers. 

Pesticide residues in Oklahoma, Texas; 
and Louisiana rivers indicate the per- 
sistence of pesticides, particularly the 
oiganochto ^.Significant amounts ol 
pesticides,:, still detected well after use 
was first restricted in 1972. Pesticide • 
levels in sediment continue to be higher 
than in the water. 
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Pesticide residues In llsh and birds, 
1966-1976 



Fish and birds are good indicators of 
pesticide contamination because they feed 
on smaller animals and on crops, and they 
are found in almost every locale. 

Residues of DJ)T. which was banned in 
•1972, have decreased in fish in the eight ' 
years of monitoring. Levels of toxaphene, 
used primarily in the South and Southeast, 
have increased.' 

— DDTand dieldrin-residueJevelsiL 



siarlings have not declined appreciably" 
since 1970, although dieldrin was banned 
for 'most uses in 1974. The presence of 
DDT may be explained by its persistence, 
in the environment, perhaps augmented by 
illegal use or importation. ; 
„" Waterfowl in the Atlantic llyway have 
higher concentrations than those in less 
industrial regions. 
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Pesticide residues In human tissue, 
1970-1976 
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Pesticides enter the human body through 
' ingestion/ r through inhalation of aerosols 
and dusts, and through the skin. For 
organochlorine pesticides, residues of the 
parent compound or their metabolites are 
accumulated and stored in fatty tissue. 
Thsse residues indicate the wide distri- 
bution of a pesticide and can signal a 
potential health hazard. 

Organochlorine pesticides are in the 
fatty tissues of virtually everyone in the 
- United States. The levels are not acutely 
hazardous, although many individual 
poisonings, other acute illness, and 
Tronic illness have been treated. 
ERJ.C 

QR . .. 



DDT was detected in alrnost every 
human tissue sample analyzed. There has 
been a reduction in concentration since 
the early 1970s, but the frequency 
remains the same. 

Low levels of dieldrin were found in 
almost alt tissues analyzed. Concentrations 
remained appreciably unchanged during 
the survey years. 

Oxychlordane and heptachlor epoxide, 
representative of the pesticides chlordane 
and heptachlor, were also found at low 
levels but with high frequency. 
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Sources and technical notes 



8-2 

'Synthetic organic pesticide 
production, by type, 1950-1978 

SynWc organic chemals 19/8, Interna- 
tional Trade Commission (Washington; 
USGPO, 1979), and previous annual issues, 

The International Trade Commission pub- 
lishes production and sales data (or a 
synthetic organic chemical only if three or 
more companies produce it. Because most 
pesticides are patented and are produced by 
fewer- than three companies, production data 
do not become public-knowledge. Production 
data include the quantity mada available by 
the original manulacturers only; they exclude 
intermediate products. About a lour'h of the 
amount produced is exported, 

National pesticide use is currently 
monitored lor agriculture only; missing from 
■the totals is the approximately 40% used in 
or aroynd the'home, in government, and in 
the commercial sector. 

Data from quinquennial USDA farm, 
surveys (sen sources in 6-4) are made pLOlic 
approximately 2 years after the.data are 
collected, 

Insecticides include fumigants, rodenti* 
. cides, and a small quantity of synthetic sod 
conditioners, 

6-3 

Insecticide production, by type 
of chemical, 1960-1978 

Synthetic organic chemicals Interna- 
tional Trade Commission (Washington: 
.USGPO, 1979). and previous annual issues; 
oiganochlonn? data for 1970-1975 were esti- 
mated from a graph in the 1976 issue 
.(USGPO, 1977), j. 268. 

Insecticides include rodenticides, soil con- 
ditioners, and fumigants, Organophosphorous 
data are not ava table for 1967-1969. 
Because of confidentiality rules, carbamate 
data are not available. 




64 . 

Selected herbicides used by larmers 
on crops, 1964*1976 

1 964: Qutititks of pesticides used by t 
far/ne/s in (964, USDA Economic Research 
Service (Washington: USGPO, 1968), agr. 
econ. rep. 131, pp. 19; 20. 

1966: Quantities of pesticides used by 
farmers in 1966, USDA Economic Research ' 
Service (Washington: USGPO, 1970), agr. 
econ, rep. 179, tables 23, .25, pp, 37, 38, 44, 
y 1971: Farmers' use of pesticides in /97I- 
Quantities, USDA Economic Research Serv- 
ice (Washington; USGPO, 1974), agr. econ, 
rep. 252, pp. 9, 40,41. 

1976: Farmers' use of pesficides in !976, 
USDA Economics, Statistics, and Coopera- 
tives Service (Washington: USGPO, 1978). 
agr. econ. rep. 418, pp.9, 36, 38. 

(:-:., 

S itected Insecticides used by farmers 
c, crops, 1964-1076 

1964; Quantities ot pesticides used by 
farmers in 1964,' USDA Economic Research 
Service (Washington: USGPO, 1968); agri 
econ. rep. 131, pp. 26, 27. 

1966: Quantities of pesticides used by 
farmers'in 1966, USDAEconomic Research ■ 
Service (Washington: USGPO ,1970), agr. 
econ. rep. 179, tables 28, 30, pp. 50-55. 
Extent of farm pesticide use on crops in 
J966, USDA Economic Research Service ' . 
(Washington: USGPO, 1968), agr. econ. rep. 
147, p. 9. 

1971: farmers' use of pesticides in t97t- 
Quantities, USDA Economic Research 
&rvice (Washington: USGPO, 1974), agr. 
eJon. rep. 252, pp.13. 50. 

1976: Farmers' use of pesticides in (976, 
USDA Economics, Statistics, and Coopera- 
tives Service (Washington: USGPO. 1979). 
agr. econ. rep. 418, pp. 15,48,52. 

DDT includes its related compound TDE. 

Aldrin/dieldrin data for 1976 include aldrin 
only. Because^ldrin rapidly breaks down into 
its metabolite, dieldrin, most residues are 
dieldrin, 
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Pesticide residues In river water" « 
and sediments in Texas, Louisiana, • 
and Oklahoma, 1968-1976 

. Environmental Quality-W, Council on 
Environmental Quality IWashinptun: USGPO, 
'1977), p, 242, UPGRADE analysis of U.S. 
Geological Survey data collected at 60 
stream monitoring sites. 

Data are annual composite detection rates. 
Other agricultural regions may have concen- . 
trations as high as or higher than these. 
These levels are functions of monitoring and 
do not reflect the extent ol the problem 
elsewhere, 

>7 

Pesticide residues In fish and birds, 
1966-1976 

Fish: U.S. Fish and Wildlife Service, 
Columbia National fisheries Research 
Laboratory, Columbia, Mo, unpublished data. 

Starlings, 1968: "Nationwide residues of 
organochlorines in starlings/ 1974," Donald 
K White, Pesticides Monitoring J, 10:15 
(1976).1970-1976: "Nationwide residues of 
organochlorines in starlings, 1976," Donald 
H. White, Pesticides Monitoring J. 12:197 
(1979). 

Waterlowl, 1956: Based.cn "Occurrences 
of PCB in National Fish and Wildlife Monitor- 
ing Program," Charles R. Walker, U.S. Fish 
and Wildlife Service. 1969: "Nationwide resi- 
dues of organochlorines in wings of adult 
mallards and black ducks, 1972-1973," 
Donald H, White and Robert G. Heath, 
Pesticides Monitoring 1 9:184(1976). 
1972-1976: "Nationwide residues of organo- 
chlorines in wings of adult mallards and black 
ducks. 1976," Donald H.White, Pesticides 
Monitoring J. 13:16(1979). 

FreJfyater fish were sampled in 50 States 
as part of the National Pesticide Monitoring 
Program. Two-thirds of the fish were carp, 
suckers, catfish, and other bottom-dwelling 
species. The remaining were predacious 
species: trout, walleye, bass, and bluegill. The 
whole fish was analyzed. Data arejn terms of 
geometric mean. DUT includes its deriva- 
tives, Dieldrin includes aldrin. 

Starlings were sampled in the coterminous 
48 States as part of the National Pesticide 
Monitoring Program, .Feet, beaks, wingtips , 



and skins were removed and the remainder 
analyzed. Approximately i ,400 starlings were 
analyzed each year. Dak are in terms of 
geometric mean, wet weighi. DDT refers to 
its derivative, DDE. 

Waterfowl residues were sampled in Ihe 48 
States as part of the National Pesticide 
Moniloring Program. Each year more than 
5,000 samples were drawn Irom adult mallard 
wings sent, to the U.S. Fish and Wildlife Serv- 
' ice by sportsmen. Data are in terms of mean 
♦ wet weight. DDT data for 1966 refer only to 
its derivative, DDE; for 1989-1976, data 
include its metabolites. 

M 

Pesticide residues in human tissue, 
1970-1976 

1970-1974: "Survey of pesticide residues 
and their metaboliles in humans," R. W. Kutz, 
S. C. Strassman, and A. R, Yobs, Pesticide 
management and insecticide resistance (New 
York/ Academic Press, Inc., 1977), tables " 
4-7, pp. 530-534. . 

1975-1976: Environmental Protection 
Agency, Qtlice of Toxic Substances, 
unpublishecfdata. 

Data are for fiscal years. 
' Pesticide residues and associated chemi- 
cals were measured in the 48 coterminous 
States as part of the National Human Moni- 
toring Program for Pesticides. 
■ Approximately 2,000 samples were 
•collected each year by medical pathologists 
from selected cities Individuals with known 
or suspected pesticido poisoning were 
excluded. 

Data are in terms of geometric mean f lipid 
basis. DDT includes its metabolites, 
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Industrial 
chemicals 



Man 1 , chemicals tonne: ,n industrial. 
cGiiiMit'iQa! and nousenb'-d environ 
.<:;ep!$a:e!o.'ic yncer certain conditions 
Aniono me most common are i»sfce<:os. 



' benzene, vinyl ch!ont1»>. acryionitnie. ana 
pnthalates. A : l are important industrial ■ 
ni;ii^r:a!s v^uely distributed m various 
lorms. and all have serious hea'ltn 
elleets Poiychlorinated v biphenyis (PCBs) ' 
were important industrial chemicals until .. 
their ellects 'were demonstrated and- 

production was stopped. 
: Asbestos, a class of minerals, is used 
in more tlum 2.Q00 products and.proc- 
esseSi including piping, constiuction, 
"liiepioolHin.'and brake linings. Benzene, 
;in organic compound derived Irom . 
petroleum, is an 'niermediate in the ■ 
production ol plastics, dyes, nylon, food 
additives, detergents, drugs, and fungi- 
cides, it is also used as a gasoline 
additive. Phthalates. a class of inter- 
mediate synthetic oiganic chemicals, 
are in widespread and growing use as a 
resm in the production ol plastics, mod?! 
cement, paints, and finishes: _ . 
Actylomtnle is used as a resm in trie 
production ol plastic bottles, acrylic 
libers, and textiles. Combined with buta- 
diene and styrene, acryionitnie, forms a 
polymer, ABS, widely used in apoliances. 
automobiles, luggage, telephones, and 
many other common industrial and 
. household products Vinyl chloride is a 
gas used in the protection of plasties. 
PCBs, liquids previously used in ink . . 
solvents, adheswes. textile coatings, and 
pesticides, are now used only in 

■ electrical transformers and otter closed 
' systems, but many products containing 

PCBs remain in use. 
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Production of selected industrial 
chemicals, 1950-1978 
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Production of benzene, phthalates, 
acrylonitrile, and vmyl chloride has 
increased rapidly djjring the past 20 
years. Almost 11 billion pounds of ben- 
zene were produced in 1970, making it 
one of the high-volume organic com- 
pounds in domestic production, 

•Vinyl chl&ride production contuses to 
grow, along with the use of plastics in 
industrial and consumer products. ■ 

Asbestos production, on the other hand, 
.has not increased appreciably. In fact, it 
has declined, with imports from Canada 
taking its place. 

PCB production has leclined since 
1970 as a result ol ser -imposed restric- 
tions by '.he major manufacturer. By law, 
the manufacture of PCBs was prohibited 
after July 1979, except when specifically 
exempled,by EPA, 
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Natural 
sources 



■ flow ol industrial chemicals into the 
environment varies with the chemical. 
Asbestos and benzene are present in vary- 
ing concentrations throughout the environ- 
ment including natural sources' of 
asbestos. . 

Most asbestos "=beVs that are released 
directly into the air come irom mining. and 
filling. These stages ire no longer a 
major factor in asbestos contamination in 
the United States because nearly 90%. is 
imported from Canada.lOnce an asbestos 
prpduct has been manufactured, release 
of fibers into the environment is highest in 
the use of brake linings and other friction 
products and in the deterioration of ther- 



mal insulation and construction materials. 
Demolition of buildings is an important 
source or "xsbestps contamination. Asbes- 
tos is a^'.eactiedintodrinki,gv,? : er 
from con jete.water pipes. ( 

Health hazards are.present from mining . 
to disposal.' l$ustria[wo(kers and miners 
are usually the most affected. As materials 
made with asbestos deteriorate, the 
general public can be exposed,' , 

Vinyl chloride gas is released directly at 
ttvti workplace! although small amounts ( ' 
are released as consumer prorJc:<!s' : .Jeteri- 
orate and are disposed of. Acry'onitrilfe' ■ 
and phthalates are synthetic compounds 
primarily released at th(- workpiace, 



The major-source of PCBs is through 
improper waste disposal, especially into • 
bodies sf water. PCBs contaminate wild- 
life, fish in particular, The threat to human 
health is through.the food chain — in fish, 
poultry, and meat. PCBs are widely dis-' 
Iributed in the, environment very much like' 
DDT, which PCBs resemble structurally, 
and,.1ike DDT, they are highly persistent. 



s, 1 



17 



v 



•101 



6-11 

PC3 residues in list) and birds, 
1969-1976 
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PCB residues in human tissue, 
1972-1976 
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PCBs are the most frequently found syn-. 
thetic material in'Jresh water food chains. 
Just as'they persist in soil, air, and water, 
they remain in the tissue of animals that 
ingest them and become concentrated as 
they move up the food chain. 

At high concentrations, PCBs are 
acutely toxic and can ca ise death to vinld- 
lita Chronic eliects of lower concentra- ' 
lions include eggshell thinning ana 1 lower 
reproouciwe capacity in birds and fish. 



PCB contamination in fish appears to be 
declining, but some localities have very * 
high levels. , • 

PCB' residues in starlings increased sig- 
nificantly Vom 1974 to 1976., 



• PCB levels in waterfowl have declined 
noticeably along ttie Atlantic and Missis- 
sippi llyways, both primary locations of 
chemical plants and disposal grounds. 



In humans; the percentage ol the popula- 
tion with detected PCB residues in fatty . 
tissue increased from 1972 to 1976. Con- 
tamination is most prevalent in the Horth ' 
Central and Atlantic States, but at present 
levels PCBs do not appear to present an 
imminent hazard. 

In 1974, residents along Lake Michigan 
were advised not to eat more than one 
meal per week ol fish caught in Lake 
Michigan-in order to keep their PCB blood 
levels below Federal standards. Residents 
along the Hudson River from Troy to Now 
York City were warned of PCP contamina- 
tion in fish in 1976, and a fishing ban is in 
effect for 60% of the commercial species, 
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Cancer deaths associated with vinyl 
chloride and polyvinyl chloride, 
1942-1973 
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JWorkws tend to suffer ihi nost serious • 
effects c' exposure Jo toxic fotfns of tiese 
industria' 'chemicals, Cancer mortality for 
vinyl chloride workers is 50% frher than 
for the geneidl population. Their rates for 
•biliary and liver .cancers, relatively rare 
diseases, are startlingly high, Residents of 
communities with polyvinyl chloride (PVC) 
plants also have'higher cancer rates than 
the general population 4 



■ Vinyl ch exposure does more than 
inc. ce caniu ■ produces birth anomalies 
at tnree times the expected rate and acute 
symptoms in the centra 1 nervous system, 
liver, lungs, and bones of the fingers. 
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Cancer deaths associated 
with asbestos, 1959-1377 
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Prolonged exposi re to high concentrations 
of asbestos dust increases the chances of 
asbestosis (an often fatal disease affecting 
the lungs), mesothelioma (a rare cancer of 
the chest and stomach lining), and cancar 
of the gastrointestinal tract and lung. 

Asbestos insulation workers have mor- 
tality rates from cancer three times that of 
the general population. Their !ung cancer 
rate is more than four and a half times 
higher. Asbestos production and textile 
worker also have a higher mortality from 
c?.ncers. 

Risk of asbestos contamination and 
l n ncer extends beyond the workers. 
MsfcC'helioma has been found among 

families of asbestos wooers and among 

people living within a quarter-mile of pro- 
duction or fabricating plants. 

Excessive exposure to benzere fumes 
can lead to abnormal blood cell Itfmailon. 
in bone marrow, to anemia, and to death. 
Recent studies of benzene workers have 
Shown that they are several times mure 
li! ery than the general popui?*ion . o 
contract leukemia, 



Sourjes and technical noses 
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Production of selected industrial 
chemicals, 1950-1978 

*8<:;^e, v=ry: chicnce. acryiOn;!ri;e. 
p r «:ra Sj.rwer.-c o:gjn;c chemicals 
1978, Intern,':' onai Trace Commission 
(Waving:*)'* , :JGPO. 1979*. ana previous 

/• 1955. Mineral foc:$ arj proc 

;e."-';- 'j& Bj'^u cf M.nes {V.'asn.ngton 
USGPO 15^;. d 120, 1960-1978 Asbestos, 
■jS 3i/tMuo!M»;it fc 5(V/asning!on USGPO. 
li " v erj! commod^y profits, p. 17 

PCss. '560-1971 Poly c^icf mated 

5- pner>y:] drd tne environment, interdepart- 
mental T:.*-->k Force on.PCBs (Washington: 
USGPO. :y72).pp.O. 7. 197M978: 
'Mnnj-.artlo Industrial Chemicals Company, 
'jnpuoiished data. 

One gallon of benzene equals 7.31 pounds, 

Data for asbestos ate for primary demand, 
1978 asbestos data are estimated. 

PCB data include only that produced for ■ 
domestic sale 

Data lor benzene, phthalates, acrvtonitrile, 
* and vtfiyl chloride include only that produced 
by the original manufacturers; they exclude 
intermediate products 

6- 10 

Flow of asbestos 
in the environment 

Based o n Asbestos: An information 
resource; U 3. Department cS Health, Educa- 
tion, and Welfare, National Ir ''tutes of 
Healtn (Wasnmg:cn. D.C, 197;:,, p 53.. 
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PCB lesidues in fish and birds, 
1969-1976 

See 6-7 

Data are fo? fiscal years 
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PCB residues in human tissue, 
1972-1976 

1972: "Orgarioc-ionne pest-ctde rescues 
m human acoo$e iissue." F. W. Kuiz, A. R. 
Yoos, and 5 C, Slrassman, Bull Sec. Pnzr- 
tr.acoi, Environ. Pathol. 4;19(',376), 

'073-1975' Environmental Protection 
Agency, Olfice of Toxic Substances, National 
Human Monitoring Program, unpunished 
ca:a 

Data are for fiscal years. 
See 6-*J tor information on tne National 
Human Morloring Program 
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Cancer deaths associated 
with vinyl chloride and polyvinyl 
chloride, 1S42-1973 

"Neoplastic; risk among workers exposed 
to vinyl chloride," Richard J- Waxweiler. et al. 
"Oncogenic and mutagenic risks in jommuni* 
ties with polyvinyl chloride production 
facilities/' Peter R. Infante. <Ahr*> otthe 
"lew York Academy of Sciences: Occupa- 
tional carcinogenesis 271: 41, 43, 49, 52. 55 
(1976> 1 

Data ate for 1,294 workers with at least 5 
years' experience in a vinyl chloride or poly- 
vin/kiiloride plant arid for whom at least 10 
years had elapsed since their initial employ- 
ment, The study was conaucted in '972. Of 
136 deaths, 35 were attributed to cancers. 

The polyvinyl cMiride communities studied 
were Ashtabula. Paine- -ville, Avon Lake, and 
North Ridgeville, all northern Ohio communi- 
ties with a total of more than 66,000 residents 
m 1972. Observed and expected cancer 
deaths and standardized mortality ratios were 
developed for residents 45 years and older 
for the years 1958-1973. a period when 38 . 
people died from a cancer ot Ihe central < 
nervcus system. 
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Cancer deaths associated 
with asbestos, 1959-1977 

Insulation wcvers: "Asbestos-associated 
disease in U.S. shipyards." i'vmg J. Selikoff, 
Environmental Science Laboratory, Ml. Sinai 
School of Mecicine. ^morandumto the 
National InsMute of Environmental Heaith - . 
Sconces. November 27. 1977, taole 1. 

Production and textile worker "Case 
study i. Asbestos— The TLV aci/oacn. 
William J. Nicholson, Anna/3 cf we \ev; - ;- f k 
Academy of Sciences. Occupation^ c?: :o- 
genes* 271:156 (1976). , 

From 1957 to*1S77, 17,800 asbestos insu- 
lation workers were studied. Of 2,270 deaths, 
994 were attributed to cancers. ' - . 

From 1959 to >977, 689 asbestos produc-. 
hon and textile workers were studied. Of 199 
deaths, 72 were attributed to cancers. 

Gastrointestinal careers include cancer cf 
the stomach, colon,' rectum, and esophagys: r 

Luna cancers include cancer of the pleura, 
trachea, and bronchus. 



Metals 



j ¥ y..r.. #e ^eme^s ! r £; occur ratura:.> 
, v arc a^cu^a; 

D'?:/r ( ;:- Trace a^eS Of nrary ^ 
>::al!> a:e osiier^ 1 nuinents fcr r,uman. : ; 
ur.ts, ar;c ot^et wwiM niQhe' con- 
cwaxns and m „:ec/>c forms, some 
v were w;!n vis chemical reac- 

c,;;';or a r ,: c^;^g G:iOa-:r Among ine 
- v,: cot,!"i;i -ife:C rn^:^ - t are various 
: v ;,t.; oi ieac. rr.ercL.ry. :nrcrr.ium. nc<e ; . 
c^T'-j'ti, anc arser.c 

l r ;rac!riDiep r OD.err!S irese r-tfals 
\Ma to t!w (fcposaf' Wastes cc-taming 
ratals are often discharged directly in 
fivers and items or are dumped in lana 
litis from v;mch tney leach into ground and 
surface /liters Many lox.c metallic com- 
Dojnds c f i: persiSiert, and they accumulate 
in wiidfe human tissues. 
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Primary csmand (cr selected melais, 
1S54-1S78 
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Flow of mercury in the envwanirant. 



The primary demand for metals — the 
amount ol new materials entering use- 
has risen steadily lor more than 20 years. 
{Year-to-year changes have generally been 
caused oy short-term economic fluctua- 
tions ) But primary demand is only the 
begins • and the total amount in the . 
ambient environment may be many tiip* 
greate' For example, an average of 4 
million pounds c! mercury is bfougnt into 
commercial use each year, Since 1954, 
then, 1 00 million pounds ot mercury have 
beer, mined, used, and reused or disposed 
of. This iigure does not include the large 
amount released from processes other, 
than those involved in production ol the 
metal, lor example, from coal dombustion. 

Throughout the environment, metals are 
presents varying concentrations, and 
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their- n ?r^ as well. 
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mg/m 3 = milligrams per cubic meter 
/ig/m 3 - mien ^;ms per cubic meter 
ppb* ^ parts pj' billion 



Mercury, the onft common liquid metal, is 
"c'na^d directly into the air during mining 
and smelting, fcomweatherig of paint, 
and from losses during industrial process- 
ing. It leaches into water from oti bate- 
and other discarded producis and into soils 
directly from industrial uses, pesticides, 
and waste dispoL ? Proportionally, soils 
receive the most mercury, and erosion 
carries^ significant amount to waterways. 



In water, bacteria! action can change 
mercury into methylmercury, vvhicr: is 
east/ ingested by fish of all types and is 
.accumulated in their fatly tissue. Since the 
late 1950s, nearly 300 Japanese have died 
and mar y more have beer seriously ' 
affected by Minamata disease, caused by 
eating fish polluted with methylmercury. In 
the United States, parts o. two rivers, the 
North Fork of the.hiolston and the Shenan- 
doah in Virginia, remain cbsed to fishing 
because of mercuryxontpminatipn, 
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Mercury evaporates end it leaches into 
water from rjatural ore bodies at uls that* 
are sometimes higher than these from 
human activity. Industrial discharges, how- 
ever, are generally more concentrated and 
are released in ported areas. ' 
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ancer deaths associated with metals, 
940-1973 



E v o ^ c t o d 
cancer deaths 



Cadmium smelter workers # 
(Respiratory cancer) 
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Standardized mortality ratio* 
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Some forms of cancer are linked directly 
to metals contamination. Most at risk are « 
the people who work in particular indus- ^ 
tries or live near plants where production 

. safeguards are inadequate- 
Arsenic workers h&V- oratory cancer 
mortality almost three times the expected 
rate. That'for cadmium smelter workers is 

' more than twice the expected rate, and 
lead smelter workers' is a third higher 
tharr expected. (The excess cancer rate in 
lead smelter workers may be attributable 
to the arsenic in the ore rather than to the 
lead.) Lead has beert linked to cancers of 
the respiratory and digestive organs. 

.arsenic to cancer of the skin, mouth, and 
nose. 

Other serious and chronic* health effects 
can result from metal poisoning and con- . 
tamination. Lead and mercury are histori- 
cally associated with mental disability, lead 
and arsenic with digestive difficulties, cad- 
mium with 'kidney disease, and lead with 

anem i88 „ , 
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r Jancei deaths associated with metals, 
1940-1973 
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Primary demand for selected metals 
1954-1978 

Lead. 1954-1976' Lead. US. Bureau^cf 
Mines (Washington, DC, 1977), mineral com 
moqity profiles, p. 21 1977-1978: U.S. 
Bureau .of Mines, unpublished data. v 

Chromium, 1954-1976: Chromium, U.S. ^ 
Burepu of Miners (Washington, D!C. 1977). 
mineral commodity profiles, p. 1^. 1977: U.S. 
Bureau of Mines, unpublished data. 

Nickel, 1954-1978: Nickel, U.S. Bureau of 
Mines (Washington, D.C., 1979), mineral com- 
modity profiles, p. 18. 
' Arsenic, 1954-1973: Mineral facts and 
problems. 1975, U.S. Bureau of Mines (Wash- 
ington: USGPO, I976),^p. 105. 

Cadmium, 1Q54-1957: Mtne/al facts and 
problems. 1975. US. Bureau of Mines (Wash- 
ington. USGPO, 1976). p. 203. 1958-1978," 
Cadmium, U.S. Bureau of Mines (Washington, 
DC, 1979). mineral commodity profiles, pp. 
11.203. 

- Mercury. 1954-1973: Mineral facts and* 
problems. 1975, U.S. 8ureau of Mines (Wash- 
ington: "USGPO, 1976). p. 681. 1974-19Z8: 
Mineral commodity summaries 1979, U.S. 
Bureau of Mines (Washington: USGPO, 1979), 
f>. 96. 

Chromium, nickel, and mercury data for 
the last year are estimates. 
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Flow of mercury in the environment 

Based on Materials balance and technol- 
ogy assessment of mercury and its com- 
pounds on national and. regional base's, EPA 
(Springfield, Va.: National Technical Inforraa- 
tion Service. 1975), EPA 560/3-75-007, pp. c. 
f. g. 

Data do not include accidental releases or 
such unmeasured quantities as are released 
from coal-fired plants. 



"Cancer mortality among cadmium produc- 
tion workers, Richard A. Lemen, et al. 
"Cancer mortality patterns in. the lead indus- 
try," -W. Clark Cooper. "Case 'study 4. inor- 
ganic arsenic — Ambient level approach to. the 
control oi occupational carcinogenic 
exposures," Hector P. Blejer and William 
Wagner. Ahnals. of the New York Ace demy of 
Sciences: Occupational carcinogenesis 271 : 
276,-254. 182(1976). 

Between 1940 and 1974, 292 white males 
with 2 or more years' employment in cad- 
mium smeJting were studied. Of 92 deaths, 27 
were at^ibuted to cancers. 

Between 1947 and 1971. 2.352 lea l 
smelter workers were studied. Of 3^,: deaths. 
69 were atiributed to cancers. 

AMhe same time, 4,680 lead battery plant 
workers were studied. Of 1,014 deaths, .186 
were attributed to cancers. 

Arsenic workers involved in k pesticide pro- 
duction between 1940 and 1972 were 
s'ampled. Of 173 deaths, 28 were attributed 
to cancers, 16 pi them among workers 'whose 
exposure was less than 1 year. 

it 
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Radiation 
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Radiation exposure, by source, 
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.People nave afways been exposed to radi-v • 
ation from natural sources,8ut in the past 
80 years, exposures have come from 
X-rays, other nuclear medicine proce- 
dures, nuclear power plants and nuclear 
matenais processing, nuclear bomb faiiout, 
and 'a growing variety of low-level sources 
that range from electric communication 
equipment and electronic devices to 
microwave ovens and smoke detectors. 

Ionizing radiation, by definition, ties suffi- 
cient energy to change the molecular 
structure of a biological system, Ionizing 
radiation may be either electromagnetic 
radation (X-rays and gamma rays) or 
parlicylaie radiation, which may be either 
electrically charged (alpha and beta parti- 
cles) or may have no charge (neutrons). 

Exposure to a sufficiently high dose of 
radiation, either as high-frequency eteto 
magnetic waves or as high-velocity parti- 
cles, can result in cell damage. It ranges 
from serious bums and rapid death for 
high-level exposure to genetic mutation 
and cancer for. exposure to lower levels. 

Radiation/eceived by humans is meas- 
ured in terms of the amount and kind that 
the body absorbs over time, One unil of 
absorbed radiation is a rem (roentgen 
equivalent man), A mirem (mrem), one- 
one thousandth of a rem, is the most 
commonly used measure for individual and 
■ population exposure, On the average, 
people in the "United States receive 180 
mrems per year. Because the damaging 
' effects can build up over time, serious 
health problems may occur even though a 
single exposure would not be harmful. 
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Most exposure to radiation is (rem natural 
sources. Tne source of cosmic radiation is 
the sun and outet space; for terrestrial 
radiation, it is soils and rocks, poses vary 
by altitude, latitude, -id the amount of 
natural radioactive material present in the 
earjh. Cosmic radiation, for example, is 
more than three times greater at altitudes 
of 10,000 feet man at sea level. • 
r The largest source of inanmade radia- ' 
lion cc les from medical and dental X-rays 
and'raoioactive'drugs. Exposure varies 
widely with the amount and type of proce- 
dures used, X-ray use increased by 2% to 
2% per year during the 1950s and 1960s. 
Improved shielding techniques now in use, 
are believed to have reduced medical . 
'exposure for the population as a whole. 

Radiation from manmade sources other 
than medical-dental is very small com- 
pared to that from natural and medical 
sources. But growing amounts are being 
released at some sources-sources that 
are veny important to specific groups of 
tte population. 

Exposure of the general population from 
' r,l occupational sources 0.8 
fnrems per person per year; nuclear fall- 
out, 4.0 mrems; nuclear power, 0.003 
mrems; and all other (color TV receivers,; 
air travel, consumer products, etc.), 2.0 ■ 
mrems. ■ . 
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Radiation levels from nuclear fallout, 
as measured by strontium-90 and 
cesium-137 in pasteurized milk, 
1960-1973 
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Radiation levels from nuclear power 
generation, as measured by kryptorvSS 
in air, 1962-1976 
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Two.radonuclides deposited as fallout, . 
cesium-137 and strontium-90, have been 
measured in pasteurized milk. They were 
released into the atmccphere Irom nuclear 
weapons testing, distributed worldwide, . 
and ther; deposited. Levels have declined 
significantly from the early 1960s, when 
atmospheric testing of nuclear^ weapons 
'peaked.'. 
'The current level of exposure from 
nuclear fallout is the result of high-yield 
atmospheric tests conducted by the 
United States and the.USSR before 1964 
and of the small amount added by more ' 
recent Chinese and French tests. •. 



D Radionuclides are measured in pico- 
curies per liter (pCi/l). A curie is a special 
unit of nuclear activity. One curie equals 
3.7 x 10 10 nuclear transformations per 
second. Pico indicates multiplication by 
onetrillionth(10- 12 ). 



Exposure of the ger eral population from 
nuclear power generation is very small, 
but if is growing, Krypton-85 j .a long-lived 
radionuclide produced as a byproduct of 
the nuclear power industry. This form of 
radiation exposure;has increased along 
with the use of nuclear power to generate 
more electricity. The rate of increase 
depends on the growth of the industry and 
on the technical and safety precautions 
taken. 



Associated with nuclear power genera- 
tion are uranium mining, uranium milling 
and fabrication, generating plant operation, 
and fuel processing and disposal-Mining 
and milling are not major contributors to 
total environmental radiation, but the 
amounts released locally„particularly 
radon-222 and its short-lived decay 
products, are a serious health hazard to 
uranium miners. Of great concern is the 
problem of nuclear waste disposal. 
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Radiation exposure o! special 
population groups, 1970s 
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Spec^i groups in ;ue population are 
exposed to higher-than-average levels of 
radiation, For most of these individuals, 
tho refits of the product or service 
(he* 1 .^makers) or the job (jet pildt and 
ck ddear research and maintenance 
'\winelj outweigh the risks involved, and 
;or the most part, radiation levels are not 
dangerous. According to the Federal 
standard, exposure for individuals who 
work with radbactrve^naterialS'is allowed 
to reach 5,000 a^ffeper 'year. 
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Relative risk of cancer from radiation, 
1946-1974 ' * 
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'Relative 'isk is a ra; i o cf risk similar lo the 
standardized mortality ratio of death. The 
leiatwe nsk ol cancer is the number 

01 observed cases divided by (he number ol 
ejected cases, taking into account sex 
iirid age cM> ; onces. 
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Sources and technical notes 
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Radiation exposure, - 
' by source, 1970 i 

f/fecfs on populations of exposure to tow / 
levels of ionizing radiation; National Academy 
. of Sciences, Advisory Committee on the Bio< 
.logical Effects of Ionizing Radiation (Washing- 
ton; USGPO, 1972), pp. 12, 19. 

Exposure refers to the average annual 
whole-body dose rate expressed in rems or 
' < miKirems. The rem is' a unit of radiation dose 
: equivalent, Individual dosefe are given in rems 
. , or milHrems; population doses are in rems . 
o (i.e., person-rems). 

Two recent studies raise problems with the 
I972.estimate, See! Report of the mk group 
on radiation exposure reduction, U,S, Depart* 
ment of Health, Education, and Welfare, 
Interagency Task Force on Ionizing Radiation 
(Washington, D.C, 1979). "The effects on ■ 
populations of exposure to low levels of 
'ionizing radiation," National Academy of 
Sciences, Ccmmittee on the Biological Effects 
of Ionizing Radiation, draft, June 1979, 

The 197^ figure of 73 mrems per person ■ * 
per year for medical exposure is based in 
part on the 55 mrems per pejsoh per year 
received by the general population ir 1964 
from diagnostic jjl-rays. Using a different 
method of computation, the 1979 Committee 
reported 17 mrems per person per year for 
1964 and 20 mrems for (970. 

The 1979 interagency report estimates the ' 
general population exposure from nuclear 
power in 197B at 56,000 person<rems per 
' year, approximately 0.26 mrem per person, 
--which is 'far larger than the 0,003 mrem per 
person per year reported for 1972. The 
increase is a function of a change in 
measurement techniques rather than of a 
^^alchange in radiation exposure, 

M9. \ 

Radiation levels'from nuclear fallout 
as measured by stroritiunv90 
and cesium-137 in pasteurlzeMk, 
1960-1978 / 

Environmental Protection Agency, Eastern 
Environmental Radiation Facility, 
Montgomery Ala,, unpublished data. 
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Radiation levels from nuclear power 
generation, as measured by krypton-85 
; in air, 1962-1976 

■ 1962-1969: Based or. Radiological qua//fy 
of (/ie emonmnt in the Med States, . 
1977, EPA (Washington: USGPO, 1977), fig. 
2-9, p. 44. 
1970-1976: See 6^19. 
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Radiation exposure of special 
population groups, 1970s 

Ore miners, coal-Jired electric generating 
station personnel, nuclear reprocessing and 
spent-fuel storage personnel, residents 
adjacent to boiling water reactors, residents 
adjacent to. pressurized water reactors, resi- ■ 
dents near piles of old uranium mil! tailings, 
X-ray recipients, artel individuals with pace- 

• makers; Radiological quality of the environ- 

' ment in the United States, 1977, EPA (Wash- 
ington: USGPO, 1977), pp. 5, 6, 7, 

Civilian nuclear power reactor personnel, 
jet plane crews, naval nuclear propulsion 
workers, DOE research and development 
laboratory personnel, medical X-ray techni- 

i" cians, dental X-ray technicians, and other ' 
medical perspnnel handling radionuclides: 

' "The effects on populations of exposure to 
low levels of ionizing radiation; 1 National' • 
Academy -of Sciences, Committee on the* 
Biological Effects of Ionizing Radiation, draft, 
June 1979. 

Residents within 50 miles of Three Mile ■ 
Island during 1979 accident; Population dose 
and health impact of the accident at Jhree 
Mile Island Nuclear Fom Station U,S, 
Department of Health, Education, and 
Welfare, Ad Hoc Population Dose .. . . 
Assessment Group (Washington: USGPO, 
1979), pp, 1,2. ' , 



All exposures are expressed m mrern per 
person per year average who'e-body dose 
unless otherwise specified. The doses for ore 
miners, coal-fired electric generating station 
personnel, nuclear reprocessing and spent- - 
fuel storage personnel, and individuals with 
cardiac pacemakers are internal doses. The 
doses, for residents adjacent to boiling and 
pressurized water reactors are external 
doses The doSe tor residents near piles of 
old uranium mill tailings is a trachea-bronchial 
internal, dose The dose for X-ray recipients is 
the estimatedmean active external bone 
marrow dose to adults in mrads per year. 

Occupational exposure of special groups, is 
estimated as follows: Civilian nuclear power 
industry, 30,000. persons; operation and main- 
tenance of > naval nuclear propulsion plants, 
35.000. DOE research and development, 
100.000; residents within 50 mile's of Three 
Mile Island exposed between March 28 and 
April 7, 1979. 2 million; medical personnel 
handling radionuclides. 100,000; operators of 
medical X-ray -equipment, 200, 0U0; operators 
ot dental X-ray equipment, 200,000. 
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Relative risk of cancer from radiation/ 
1946-1974 / 

Uranium miners; "Respiratory disease mor- 
tality arfiong uranium miners," Victor E. 
Archer, et al., Annals of the New York 
Academy of Sciences: Occupational 
carcinogenesis 27V. 282/284 (1976). „ 

Radium dial painters/" patients receiving 
thymus X-rays, ankylosing spondylitis 
patients.and atomic bomb survivors: Effects 
on populations of exposure to low levels of 
ionizing radiation, National Academy of 
Sciences, Advisory Committee on the Biologi- 
cal Effects of Ionizing Radiation (Washington: 
USGPO, 1972). pp. 129, 124. 117. 

Data for uranium miners use a standard- 
ized mortaliiy Vaticf divided by 100. 

Between .1968 and 1974, 780 American ' 
Indian underground uranium miners were 
studied.' Of 107 deaths, 17 were attributed to 
malignant neoplasms, of which 11 were from 
respiratory cancers. Between 1950 and 1974, 
3,366 white male underground uranium' 
miners were studied. Of 745 deaths, 206 
were attributed to cancers, 144 of which 
were from respiratory cancers. Expected 
death rates for Indians were calculated from 
[he male nonwhite population of Arizona and 
New Mexico; expected death rates for white 
miners were calculated from the male white 
population o1 the United States. 

Between 1946 and 1971. 775 dial painters 
who had been exposed to doses of between 1 
and 50,000 rads of radium-226 between 1915 
and 1935 were studied: 48 developed a bone 
cancer. 

In J963, 2,878.patients who had been 
exposed in childhood to thymus'X-rays 
between 1926 and 1957 were*studied; thyroid 
cancers were surgically removed from 19. 

In 1955, 11.287 ankylosing spondylitis 
patients exposed to radiation treatment 
between 193b and 1954 at the age of 10 or 
older were studred in England and Wales; 32 
. developed a leukemia. » 

Of the survivors of the atomic bombs 
detonated at Hiroshima and Nagasaki in 
1945, 19,472 were studied between. 1951 and 
1970; 62 who had been exposed at the age of 
10 or older developed leukemia. 
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Chapter 7 

Cropland, Forests, 
and Rangeland 

Cropland, forests, and rangeland are # 
working lands. For the rfiost part, they.are 

• managed for the production of renewable 
resources>feed and .food crops, timber, 
herbage, and browse. But other uses are 

1 becoming as important, to forests in par- 
ticular—the support of wildlife, mainte- . " „ 
nance of watersheds, and provisions of 
recreation and aesthetic experiences- 
How the lands are managed largely 
determines their quality — tha\ is, the types 
of crops/grown, the species/of tree.s har- 
vested and replanted, and we kinds, 
amount's, and methods of applying pesti- . 
cides andjertilizers all affect the condition .. 
of the land. Attempts to increase agricul- 
tural production by usingmarginal lands 
and large amounts of chemicals can lead 
to water pollution, wildlife poisoning, land 

• erosion, and overall land deterioration. 

Some lands are under intense pressure 

lor change in use. Prime farmland i s being 

lost to rapidly expanding urban areas, and : — 

prime forest land is being cut, drained, 
and plowed for new cropland. 
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Cropland 



The United States has more arable land 
than any other industrial nation and it 
produces enough lood (or some 290 
million people. 

Agricultural land is the most inten- 
sively managed ol all nonurban lands. 
Useol large amounts of chemical 
nutrients and pesticides cause pollution 
m surlace and ground waters. Poor 
tilling and harvesting practices have ,. 
increased the rate of soil erosion, 
Excessive reliance on ground water for 
irrigation has depleted water supplies '• 
that lake eons to replace. ' 

Further, wetlands and other wildlife 
habitats are lost when they are con- 
verted for use as cropland. At the same 
time much prime farmland is taken out 
of production in favor of urban develop- 
ment and small-scale water projects. 
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Cropland 
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In 1974 cropland was estimated at 465 
million acres. This total* includes 361. ■ 
milfon acres in crop rotation, 83 million 
acres in pasture, and 21 million idle. 
: The most intensively farmed States are 
Illinois and Iowa, where more than 70% of 
the land is in crops, Texas has the most 
cropland, 38 million acres, then Kansas 
with 32 million acres, North Dakota with .' 
30 million, and Iowa with 28 million. 
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Uses of cropland, 1949-1978 
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Prime farmland, 1975 
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The total cropland acreage, including 
pasture, has changed little in 30 years, but 
Harvested cropland grew 14% between 
1972 and 1975. This increase was due 
largely to the increased export demand for 
farm products, particularly wheat and 
soybeans. 



Prime farmland is now being lost at an 
alarming rate, This is the land that is best 
suited for producing food, feed, forage, 
fodder, and oilseed, It produces the highest 
yields with minimum inputs of energy and 
money and with minimal damage tolhe 
environment . ' % , 



Of the 384 million acres of prime farm- 
land in the United States, 250 million are 
currently cropped, About 24 million acres 
•tould easily be converted to crops, and 
another 24 million acres would require 
some effort. To develop the remaining 86 - 
million acres would require drainage, 
access roads, forest cutting, or other 
extensive and cdstly.efforts. 
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Prime farmland lest to Urbanization and 
water projects, by farm production 
region, 1967-1975 
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■ On a percentage basis, the loss of prime 
farmland was highest in the Southeast and 
the Northeast. Of great concern near 
metropolitan areas is the continuing loss 
of prime farmland that supplies fruits, 
vegetables, and other staples for local 
markets. 
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In the 8 years between 1967 and 1975, an 
average of 1 million, acres of prime farrrv 
land was lost each year. About 6.5 million 
acres were lost to urbanization and 1.5 
million to water projects. The most exten- 
sive losses were in the Southeast and the 
Corn Belt. 
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Agricultural production, 1960-1978 
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Farm output is at its highest level in 
history— about-20% above thefrase year 
1967. Crop production has grown 30% in 
10 years, with large increases in soybeans 
and other oil crops. Livestock production 
has rer med relatively level. -The' large 
increase in poultry production has been 
offset by the-decline in red meat animal 
production. 
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Agricultural Inputs, 1950-1978 
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The growth in agricultural production is 
based on changes in the mix and produ; 
tivity ol agricultural inputs. 

The number of hours spent on farmwork 
has declined sharply in response to the 
ir.c,cGoing use of larm machinery, in par- 
ticular high-powered tractors, grain com ; 
bines, and other mechanized implements. 



Fertilizer use more than quadrupled in. 
27 years, due mainly to the increased use 
of nitrogen compounds.. 
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PusIickIos applied 
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Other pesticides, 




Water for irrigation 

Billion gallons 
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Farm pesticides-insecticides, fungi 
cides, and herbicides— doubled between 



Mfie amount of water used to irrigate ' 
cropland increased by more than 50% 



1964 and 197a Herbicide use on weeds 4rom 1960 to 1975, The area of irrigated y 



increased the most. 



cropland inpreased from 33 to 41 million 
acres, most of it in the western States. 



Use of energy on the farm increased 
73% from 1950 to 1970. Electricity use 
increased 94%, farm machinery use 
167%, and fertilizer 292% in this lime 

period, 
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Sheet and rill erosion from water , Wind erosion on cropland 

on cropland, by 'Stele, 1977 • ■ . in the Great Plains States, 1977 
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Losses m ;-,jr ncre per yea? 



Grea; Plains average 5,3 



The most serious problem in maintaining 
good cropland i* loss of topsoil, Erosion is 
a natural process whereby water, wine!, or 
other erosive elements remove soir or rock 
from the land., Wind and water erosion noi , 
only reduces productivity but iris depleting 
one of the Nation's most important natural 
resources. . * 

The average annual sheet and rill ero ; 
sion in 1 977 was 4.8 tons per acre for all 
croplands The rale was 5.4 tons on culti- 
vated land, excluding that in sod crops and 
' other special cover, The areas most seri-' 
ously affected are in Tennessee, Kentucky, 
Missouri, Louisiana, Mississippi, and Iowa. 



Under normal conditions, topsoil is j 
'replaced at the rate of 1.5 tons per acre' 
per year, Any loss from cropland that 
exceeds 1 to 4 tons per acre per year, 
depending on soil depth, is considered 
serious because-production cannot be t 
sustained. If eroding conditions persist, the 
complete lay^rof topsoil maybe lost An. 
estimated 200 million acres of cropland 
have been permanently damaged, and 
another 241 million acres-over crie-half 
of all cropland -is in need of conservation 
treatment - 

□ Sheet erpsiorf occurs when beating rain 
and flowing water remove layers of soil 
from fields. Rill erosion occurs as the flow- 
ing water can/es out channels. 



Accord.no to the Soil Conservation, 
Servicd, ''[w]ind erosion is caused by a 
strong turbulent wind blowing across ah 
: i ^protected soil surface that is smooth, 
bare, loose, dry, and finely granu- 
lated.,., [It] usually begins on exposed 
knolls, in tracks or paths made by , „ 
implements or animals, and in turn rows 
where the vegetation and surface soil 
'have be'en pulverized," Most of the 
.damage from wind erosion occurs in the 
Great Plains Slates, notably Colorado, 
New Mexico, andte. The annual 
move'menwf soil per acre of cropland for 
these States averages 8.9, 11.5 and 14.9" 
tons, respectively. 



[", bstimates of soil loss due to wind 
erosion are not available for other than the 
1 0 Great Plains States. 
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. Agricultural production, 1960-1978 



)urces and technical notes 



1 

optand 

• .i!\tfldit atlas ot tnc United States of 
*v-'-'. /. US Geologic..^ Survey iWashmg- 
L' 1 C . 19"0>. p 16C 

V.n • o-.v.s cropland area to' 1964. 
S".!.'i;ii Federal agencies estimate crop- 
nj .ici oases for the mid-1970s. 
Trv 197J census of agriculture estimates 
opiiina at-440 million acres in 1974. 
Tre Croo Reporting Board, USDA Eco- 
jmics. Statistics, and Cooperatives Sorvce, 
Himates cropland including pasture at 465 
tllion acres in 1974. 
The Inventory and Monitoring Division. 
SDA Soil Conservation Service, estimates 
jn f'ej-ffal cropland at 400 million acres, 
iciudmcj Alaska and Hawaii, m 1975," 

2 

ses of cropland, 1949-1978 

Our land and water resources. USDA Eeo- 
umic Research Service (Washington: 
SGPO. 1974), misc. pub. 1290. pV4. 
'Major uses of land in the United States: 
974. USDA Economics, StatisHcs. and Coop- 
ratives Service (Washington: USGPO. 1979), 
3? econ. rep. 440, p. 9. 

USDA Economics, Statistics, and Coopera- 
tes Service, unpublished data. 

1978 data tor :dle cropland and pasture are 
relimmary. 

♦3 

rime farmland, 1975 

"A perspective on prime farmland." Keith 
) Schmude. J Soil & Water Conserv. 32:241 
1977) 

♦4 

'rime farmland lost to urbanization 
nd water projects, by farm production 
egion, 1967-1975 

See 7-3. pp. 241. 242. 

Estimates for USDA Soil Conservation 
iervice regions of prime'farmland include 
ion-Federal land only and exclude Alaska and 
lawaii. 



1960-1963: Agricultural statistics 197 ', 
U.S. Department of Agriculture (Wash* .* acn: 
USGPO. 1975), table 618. p. 440. 

1964-1978; Agricultural statistics ^f9. 
U.S. Department of Agriculture (Washington 
USGPO. 1979). table 633. p. ^40. 

Data for 1978 are prelimr ^ry. 
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Agricultural inputs, 1950-1978 

. Time spent on farmwork: Changes in farm 
production and efficiency, 1977, USDA Eco- 
nomics. Statistics, and Cooperatives Service 
(Washington: USGPO. 1978). statistical bulle- 
tin 612, p. 32. 

Horsepower of farm machines: Changes in 
farm production and efficiency, 1977, p. 31. 

Fertilizers applied: Changes in farm pro- 
duction and efficiency, 1977, p. 27. 

Pesticides applied, 1964: Quantities of 
pesticides used by farmers in 7964/USDA. 
Economics, Statistics, and Cooperatives 
Service (Washington: USGPO, 1968)/ agr. 
econ. rep. 131. pp. 9, 13, 19, 26. 1966: 
Farmers 1 use of pesticides in 1971 — 
Quantities, USDA 'Economics, Statistics, and^ 
Cooperatives Service (Washington: USGPO, 
1974). agr. econ. rep. 252. pp. 8. 1 1. 15, 18. 
1971 and 1976: Farmers' use of pesticides in 
1976, USDA Economics. Statistics, and 
Cooperatives Service (Washington: USGPO, 
1978). agr. econ. rep. 418. pp. 6, 9, 15. 20. 

Water for irrigation: Estimated use of water 
in the United States in 1975, U.S. Geological 
purvey (Washington: USGPO, 1977), circ. 
765. p. 38 and previous quinquennial 
surveys. 

Energy spent on farms: The U.S. food and 
fiber sector: Energy use and outlook, USDA 
Economic Research Service (Washington: 
USGPO, 1974). p. 2. 

Btus converted from kilocalories (kcal), as 
published in "Energy use in the food 
system," J.S. and C.E. Steinhart, Science 
184:309 (1974). (1 kcal = 3.968 Btus; 1 Btu 
= 0.252 kcal.) 

Time spent on farmwork includes crops, 
livestock, and overhead. After 1964, time 
used for horses, mules, and farm gardens 
was excluded. 

2J5 



Horsepower includes tractors only (exclu- 
sive of steam and garden). 

Fertilizers include nitrogen, phosphate, and 
potash nutrients used. 

Pesticides include amounts used on crops 
only: excludes pesticide use for livestock and 
f other purposes. 

Water used tor irrigation refers to water 
consumed, not water withdrawn. 

Energy spent on farms includes fue.l. elec- 
tricity, fertilizer, agricultural steel, farm 
machinery.^raciors, and irrigation. 
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Sheet and rill erosion from water 
on cropland, by State, 1977 

USQA Soil Conservation Service, 19/7- 
National Erosion Inventory Estimates, unpub- 
lished computer printout, December 1978, 
table J1. 

Estimates include non-Federal cropland 
only and exclude Alaska and" Hawaii. 

Wind erosion on cropland 

in the Great Plains States, 1977 

See 7-7, table K1. 

Estimates include non-Federal cropland 
only. 
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Foresis 



Forests range from extensive tracts of 
virgin timber in the Pacific Northwest 
and Alaska to the white pine and oak- 
hickory forests of -the East that are stilt 
growing back after settlers and early 
industrialists cut them for agriculture, 
firewood, and building material. 

The most common use of these lands 
is for timber, but some are managed 
and protected lor other-uses as well- 
recreation, wildlife habitat, watershed ■ 
protection, livestock form and wild 
areas. 




Each dot represents 25,000 acres 



T he Unite d States contained 740 million 
acres of forest land in 19Z6, about a third 
of its total land area. To be clalslfWas^ 
forest land, at least 10% must be or have 
been stocked.by forest trees of any sfce 
and must not cvrrenjly be developed for 



nonforest use. 



( 
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Ownership of forest land, 1977 



Commerc ial (488 million acres) 
PnvateT35U" 



Noncommercial (228) 



Other (24) 




(117) 



.••'-0 ^.,^\ 
• • , .r^v • t. : .■ 



Farms 



Small holdings 



Total forest tand = 740 million acres 



(68) 



>>■■ •i'V.'"- 



'-Ai.7./.'.Y. : '• 

mu 



Public (137) 



Federal (100) Other (37) 




National Forests' 



Bureau of Land 
Management (6) 

i i 



Industry Other (5) 



State 



(7) • 



Local 



Indian Tribal 
Land (6) 




Cannot support commercially 
valuable tree species and 
cannot produce 20 cubic feet 
of timber per acre per year 




• -J ; ;.'l:: 'r 



Reserved, 
and deferred 



Two-thirds of all forest land is "commer- 
cially" productive — that is, it is capable of 
growirjg economically valuable tree 
species in excess of 20 cubic feet per 
,acre per year. The 'remaining third is non- 
commercial; is reserved for parks, wildlife 
.habitat, 'recreation areas, and wilderness; 
oris, deferred and may be under study for 
wilderness designation. • 

ERIC 



Most commercial forest land is in 
private small holdings and farms, 

The National Forests contain about 
18% of all commerical forests. 

D Reserved and deferred (24 million 
acres) is commercial forest land that is 
exempted from timber uses, Most of this is 
in Federal National Forest land. 
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Commercial forest itnd, by region 
and ecosystem, 1977 
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(57.8 million acres) 
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Forest land may be classified by type of 
vegetation, An r. *hickory ecosystem, lor 
example, contains a stand of trees in 
which the iargest percentage is oak or 
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Hardwoods are usually broadiealed and 
deciduous. Most hardwood forests are in 
the North and Souln; Softwoods are con- 
ifers, usually evergreens, with needles or 
scale-like leaves. Softwood forests grow in 
the Pacrfic and Mountain regions, but the 
South also contains large acreages of . ■ 

pine, 



III 



j Spruce-fir 




(170.8 million acres) 



I White-red-jack pine 




Lobloliy-shorlleaf p^r 



Oak-hickory 



rtl , - v >^/" \ [ ' " ; J' 1 
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Oak-pine 



Oak-gum-cypress 



0 10 
Million acres 



20 30 40 
i Softwood 



50 6C 
i Hardwood 



Lobiolly-s hortleaf pine 






Longleaf-slash pine 






White-red-jack pine 






Oak-hickory 



Oak-pine 



Oak-gum-cypress 



Elm-ash-cottonwood 

•-;"mC. 
£«* 

Maple-beech-birch 
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Sawtimber growth and harvest, by type, 
1952-1976 

A major use of commercial forest land is 
timber production. 

Sawtimber growth on commercial Torest 
land has been increasing steadily. 
Between 1952 and 1976 the total timber 
growth increased 64% although the acre- 
age was decreasing. At the time, the 
harvest increased from 52 billion to 66 
billion board feet. 

Softwoods are in far greater demand 
than hardwoods. As a result, annual 
harvest of softwood has consistently 
exceeded annual growth. 

Roughly 20% more sawtimber is grown 
but is lost to wildfires, insects', and 
disease. 



Billion board feet per year 
80 



By type 
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Sawtimber growth and harvest, by 
region and ownership, t352-1376 




Almost 80% of all the timber is harvested 
in the Pacific Coast and the South. 

) 



Most of the timber harvest is on small 
farms or wood lojs and other private non- 
industrial lands, Yet, since 1962, the ^ 
» largest increases in harvest have been on 
forest industry lands, which are consis- 
tently cut at a rate that exceeds tie 
growth. 
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Sawttmber growth and harvest in two 
regions, by ownership, 1952-1976 
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■In the South, the harvest on small private 
holdings reached 16,5 billion board feet in 
1976-25% of the national timber 

harvest' > .', 1 ••' 
Forest industry lands on the Pacific 

Coasuare being harvested at more than 

twice the rate of growth, Much, of the • 

harvest 'is virgin Douglas-fjr. ■■ • 
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Roundwood harvest, by product, 
1950-1976 
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' In 26 years, the amount of roundwood cut ; 
for lumber has remained relatively con- 
stant, but the amount cut for pulpwood \ 
(usedin newsprint and other paper, card- 
board, and other intermediate and final 
products) has increased steadily. About 
0.5 billion cubic feet, 4% of\the round- 
wood harvest, was used forfuel in .1976, 
compared to 21% in 1950. 

Since the early 1900s. the United States 
has imported more timber products than it 
exported. In 1972, net imports were 1.6 
billion cubic feet, which is 11% of con- 
sumption—double the 1950 level. Most 
imports are pulpwood from Canada. 
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Forest conditions, 1950-1978 
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The condition of a forest depends on the 
amount and type of harvesting; extent and 
methods of replanting after harvest; con- 
trol of wildfires, diseases, and insects; ..• 
severity of soil erosion; use for recreation;, 
and other factors, > 

Reforestation is increasing. The average 
number of acres planted per year during 
the 1970s was 1.8 million— about 20% 
higher than in the IPs. 

Wildfire now destroys more than 3 
million acres of forest each year, but this 
• loss is much less thanjn the first half of 
the century, when fire often destroyed 
more than 10 million acres in a given 0. 



More timber damage is caused by in- ' • 
; sects and disease than by fire. About 17 
million acres of forest land were defoliated 
in 1977 by the spruce budworm, perhaps 
the single most destructive forest pest.. . 
Defoliation reduces growth and sometimes." 
kills the tree. ' 
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Recreational use of the National 
Forests, 1965-1977 



Million recreation visitor-days 
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The 154 National Forests are* managed for 
multiple uses that include wildlife preserva- 
tion, watershed protection, and recreation, 
in addition to the growth of commercial 
timber. . 

The number of visitors to the National" 
Forests has been increasing at an average 
rate of 5 million per year since 1967. . 

□ A visitor day Is 12 person-hours. It 
involves one" person for 12'hours, 12 
persons for one hour, or any equivalent 
combination of individual or'group use,\ 
either continuous or intermittent.. ? V 
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In 1977, abDut two-thirds of ail visitor days 
were spent in dispersed locations— hunt- 
ing, fishing, driving for pleasure, etc. The '[ 
remaining one-third of visitor days were 
spent ^developed sites— picnic grounds, 
rfe§orteand residences, marinas, etc. 
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Forests 

Itie national cir/as ol the Med States o! 
America U.S. Geological Survey (Washing- 
Ion, DC, 1970), p, 160. 

Map shows foiest area lor 1959. ' 
MO 

Ownership ol forest land, 1977 

hiesl stilista ol the Med Slates, 1971 
USDA Forest Service (Washington: USGPO, 
1978), tables 1,2, pp. 2, 3. 

Ail data are preliminary. 
Ml 

Commercial forest land, by region 
and ecosystem,. 1977 , 

See 7-10, tables 4, 5, pp. 12,17. 

All data are preliminary, they exclude 18 
million acres ol nonslocked loresi areas. 

Forest types describe associations o! tree 
species, which in turn reflect factors ot site, 
climate, and stand history. 

The forest ecosystems presented are 
combinations of more than 80 local forest 
types traditionally used for foresl manage- 
meni,purposes. 

Commercial forest land is land which pro* 
duces or is capable of producing commercial 
timber and has not been withdrawn from 
timber use Areas must be able to produce , 
more than 20 cubic feet of timber per acre 
■per year, 
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Sawtimber growth and harvest, 
^ by type, 1952-1976 

See 7-10, tables 34, 35, pp. 84, 86. 

4 All data an preliminary. 

Sawtimber refers to live trees of commer- 
cial species containing at least one 12-foot 
saw log or two noncontiguous Moot logs. 

The minimum diameler lor softwood is 9 
inches, except in the West where it is 11 , 
inches. For hardwood His 11 inches, 

Ekud feet is a standard measure of ■ 
12" x 12" X Tor its equivalent for 
sawtimber and lumber. 

Growth is the annual change in volume of 
sound wood in live sawtimber trees resulting' 
from natural causes, 

Harvests the net volume of growing stock 
trees removed from the inventory by harvest- 
ing, cultural practices, land clearing, and 
change in land use. 

M3 

Sawtimbec growth and harvest, 
by region and ownership, 1952-1976 

See M0, pp, 83-86, 

A (arm is a place of 10 or more acres from 
which the annual sale of agricultural products 
totaled $50 or more or a place of less than 
10 acres from which the sale of agricultural 
products totaled 1250 or more during the 
' previous year. . 

Other private lands are privately owned ' 
lands other than forest industry, farmer* 
. owned, or corporate lands, 

Forest industry lands are owned by com* 
panies or individuals operating wood-using 
plants. 

National Forests have been so designated 
by Executive Order or .statute and are under 
' the administration of the USDA forest 

Service. , - '■ 
:« Other public lands include all publicly 
' . owned lands other than National Forests 
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Sawtimber growth and harvest in two 
regions, by ownership, 1952-1976 

See M0, pp, 83-86. 
7,15 

Roundwood harvest, by product, 
1950-1976 

Jhe demand and price situation /or totest 
products, M-1977, USDA Forest Service 
(Washington: USGPO, 1977), table 2, p. 39, 

Data for 1973-1976 are preliminary. 

Roundwood products arp logs, bolts, and 
other round sections cut for industrial antJ 
consumer use. 

Miscellaneous products include cooperage 
Jogs, poles and piling, fenceposts, hewn ties, 
round'mine timbers, box bolts, excelsior . 
bolts, chemical wood, shingle bolts, and mis* 
cellaneous items. 

746 

Foresl conditions, 1950-1978 

Area planted and direct seeded, 
1950-1970: f/?e outlook tor f/mOer in the 
Med Sfles. USDA Forest Service (Wash- 
ington: UoGPO, 1974), forest res. rep, 20," 
p, 40,1971-1978: 1978 report, feres/ ftonh 
ing, seeding, and sit/ical treatments in the 
Med States, USDA Forest Service (Wash : 
ington: USGPO, 1979). 

Area burned by wildfire: Historical statistics 
ot the United States, colonialtimes to 1970, 
' U.S. Bureau. of the Census (Washington: 
USGPO, 1975), p. 537. 1977 wildlife statis- 
tics, USDA Forest Service (Washington: 
USGPO, 1979), table 2, p. 14, and previous 
annual issues, 

Spruce budworm defoliation: Forest insect 
and disease conditions in the Med States, 
1977, USDA Forest Service (Washington; 
USGPO, 1978), figs, 1, a, pp. 39, 57/ 

Data on seeding include forest plantings, 
windbarrier plantings, and direct seedings in 
fiscal years. 
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Recreational use of the National 
Forests, 1965-1977 

' USDA Forest Service, Recreation Informa- 
tion Management System, unpublished data.' 

Mechanized recreation travel includes: 
automobiles, scooters and motorcycles, ice 
and snowcraft (primarily snowmobiles), spe- 
cialized land crafl (primarily all-terrain vehi- 
cles), train and.bus touring, aircraft use, 
aerial trams and lifts, non-motorized aircraft, 
and bicycles. 

M8 , 

Recreational use oUhe National 
Forests, by activity, 1977 ■ 

Statistical abstract of the Med States: 
1978, U.S. Bureau of the Census (Washing- 
Ion: USGPO, 1978), table 396, p. 243. 

Resort and residence use includes day and 
overnight visits. 

Nature study includes.viewing scenery, 
sports, and entertainment. 

Picnicking includes games and team 
sports. 
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Rangeland 
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Rangelands cover more than a third of 
trie land — the vast prairies bl the Mid- 
west; the semiarid plains and deserts ol 
ihe Southwest, and large areas of Alas- 
kan tundra. 
Little effort was made to manage and 

protect this grazing resource until the 
late 1930s, For years, the quality of the 
land suflered from chronic overgrazing, 
lack of soil conservation, and generally 
poor range management, Federal laws 
enacted in the past 20 years direct the 
■fores! Service an'd the gureau of Land 
Management to manage Federal range- 
lane^ for multiple uses. Ttie uses include 
grazing for domestic and wild animals, 
habitat protection for endangered 
■ species,. recrealion v mining, and 
aesthetics. 
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Each dot represents 25,000 acres 
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Rangeland occupied 820 million acres in 
1976, a figure that has changed little in 



In 1977, most of this land was actively 
grazed by domestic animals sometime 



poor to support grazing or was too 



the past 25 years, The largest areas are in during the year. The rest was either too 
the We# and Southwest, 

Rangeland refers to all land on which 
the vegetation is predominantly grasses, 
grasslike plants, or shrubs. It includes land 
with less than 10% in forest trees of any 
kind and excludes improved pasture land, 
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Ownership of rangeland, 1977 , 



\ 



Nonfederal (3B1 million acres) 



Federal (439) 






Foiest Service 




Includes private, State, local, and 
Indian tribal rangeland 



Bureau of Land Management 



Other Federal 



Total rangeland = 820 million acres 



The Federal Government owns more than 
half of all rangelands and leases more • 
"than 17 million acres to private bchers 
for grazing. 
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Rangeland, by ecosystem, 1976 



Range 5 . -jnds are of three ar :ypes or 
ecosystems: grassland ir ...'v'snds. and 
Alaskan tundra. 



Grasslands (48 States) 
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Mountain grasslands 




■■■I 
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Annual grasslands 
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Alpine 
J 




Wet grasslands 
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Mountain meadows 
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The plains grasslands are the most 
extensive. The largest are In Montana, 
Wyoming, the Dakotas, Colorado, and 
Texas, where they support the range cattle 
and sheep Industries. The mountain 
meadows and alpine gras^fands provide a 
variety of recreational activities, including 
wilderness camping. Energy resource 
development, particularly coal and oil ^ 
shale, and copper, sand, gravel and 3" ~ v 

- > . 2 41 



phosphate mining often take place on 
rangelands. 
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ShrublandS* (48 Slates) 
Sagebrush 

: 1— 1 • / 

Deser! shrub 



Pinyon-junioer 



Southwestern shrubsteppe 



Texas savanna 



Chapparal-mountain shrub 



Desert 

] ■ 

Shinnery 

■ ^ - _■ ■ | | I „ - L. i. I t 

0 20 .40 60 BO 100 120 140 160 180 200 
Million acres 

The largest shrublands are in Nevada, 
Utah, Arizona, and Texas. Some of the 
lands are used for livestock grazing, but • 
most are left to wildlife. 



Alaskan tundra 
Alpine tundra 



Moist tundra 



Wet tundra 
, 



Shrub thickets 



Muskeg-bog 



Aleutian alpine 

1 

Aleutian moist tundra 

i 
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The Alaskan rangeland is largely tun- 
dra — a treeless plain, characteristic of 
arctic and subarctic regions, Much of this 
land contains permanently frozen subsoil, 
but it can support some vegetation such 
as lichens — the principal food of the 
caribou.: 
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Quality of r^eland, by ecosystem, 
1S76 



All rangeland 
48 States 



50 Stales 
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The condition oi the rangeland depends on 
rnan^ factors— the intensity of grazing by 
domestic and wild animals, off-road vehi- 
cle use and other disturbances of the land, 
concentrated use by individuals, use of . 
herbicides, harvesting of timber, wildfires, 
damage by insects and disease, even • 
major weather changes. All modify the 
vegetation and soils of rangelands, 

One measure of the condition of range- 
lands is the extent to which the ecological' 
growth potential of a site has been met, 
High quality range is land on which. . 
vegetation and soils meet 60% of the site 
potential; low quality ranqe is land on 
' which vegetation and soils meet 20% or 
less of its potential, Without intense human 
use, almost all rangeland would fall into 
""5" u or moderately high category. , 



Less than half the grasslands are of 
high or moderately high quality, About 40 
million acres are low quality, mainly 
because of overgrazing. ' 

Overall, about 45% of shrublands are of , 
high or moderately high quality. The South- 
western shrubsteppe is in the least 
" satisfactory condition. 
■ Nearly all Alaskan rangelands are of 

high quality, 



Grasslands (43 States) 
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Shrublands'(48 Stales) 
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Productivity olrangeland, 
by ecosystem, 1976 



Grasslands (48 States) 
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Average pounds of herbage and browse produced per acre per year 



Average pounds of herbage and browse produced per acre per year 



The productivity of rangelands varies 
widely by location and ecosystem. The 
southern cordgrass and Everglades wet 
grasslands average from 4,000 to 8,000 
pounds of herbage and browse annually. 
The best sites can produce. 10,000 pounds, year, 
or more.per year. The large grasslands . ^ , 
and prairies of the.Great Plains.yroduce ; ; • ;,• 
CD^-JOO pounds of herbage and 



At the other extreme is the desert shrub 
of western Texas which produces only 200 
to 400 pounds per year. The Alaskan eco- 
systems, also have generally low produc- 
tivity, less than 1,000 pounds per acre per 
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Rangeiand 

Tne national atlas of the United States of 
America. U S. Geological Survey (Washing- 
ton. D C . 1970). p. 160. 

Map shows rangeiand area for 1959 and 
jnri'jdes cropland used oniy for pasture, pas- 
tured woodland, other pasture lar.d in farms, 
and grazing land not in farms. 

Excluded are two ecosystems which can 
be considered either forest iand or rangeiand:* 
pinyon*juniper (47 million acres) and 
chapparai-mountain shrub (14 million acres). 
With these two ecosystems, total rangeiand 
is 831 million acres in 1976.- 

7-20 

Ownership of rangeiand, 1977 

Revevv draft of "An assessment of !he 
forest and rantjeiand situation in the United 
States," USDA Forest Service (Washington. 
D.C.. 1979), p. 242. 

Ail data are preliminary. 
Excluded are the pinyon-juniper and chap- 
parai-mountain shrub ecosystems. 

7-21 

Rangeiand, by ecosystem, 1976 

See 7-20, p. 29. 

All data are preliminary. 
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Quality of rangeiand, 
by ecosystem, 1975 

See 7-20. p. 242. 

AO data are preliminary. 

Excluded are 1 million acres in Hawan 
which are of varying quality. 

High indicates that vegetation and soils 
deviate from site potential by less than 40%. 
Moderately high, Oy 40 to 59%. Moderately 
low. by 60 to 79% . Low. by 80% or more 
from potential. 

723 

Productivity of rangeiand, 
by ecosystem, 1976 

See 7-20. p. 35. 

All data are preliminary. 
Excludes Alaska and Hawaii. 
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Chapter 8 




^e r hundreds, thousands, even millions 
Of years, plant and animal species grow 
^n^ ^eclir.e in number and extent of 
r an ge. They adapt genetically and some- 
times behaviorally in order to reproduce 
^nd to survive, When a population cannot 
^c^Pt to changing environmental condi- 
tions, it becomes extinct. 

fluctuations in wild animal and plant 
b 0 p UI ations, 0p ce caused primarily bv 
^h^ n 9 es in climate and interactions v • *h 
OtM er species, are influenced increasingly 
v,ten by human activity. In fact, the con- 
tinued existence of millions of wild species 
q e pends on human willingness to provide . 
V th> eir conservation. 

To mitigate these threats, Federal, State, 
local governments have established a 
Variety of programs which have helped to 
conserve game species, species subject 
\ 0 commercial harvest, and some species 
K n 0Wn to be threatened or endangered. 
Jvicire recently, government, conservation 
or(? ar nations, and concerned individuals 
§ { e now promoting conservation of non- 
g^me anirnais and wild plants as well. 

The greatest threat to wildlife is now 
from habitat modification. Construction, 
Urbanization, other development, agricul- 
ture, and intensive management for one or 
^ few species contribute to the decline of 
enable habitat. Other threats are pollu- 
tion, displacement by exotic species, and 
s/cessive harvest. 
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Distribution of vertebrate species 

and major subspecies, by region, 1970s 

The lands and waters of the United States 
suppon 2.900 species of vertebrates — 430 
mammals, 1,000 birds, 300 reptiles, 175 
ampnsbians, and more than 1.000 fishes. 
There are an additional tens of thousands 
of invertebrate and plant species. A few 
animals and plants are found in many 
types of habitat throughout the Nation, but' 
most require specific habitats, some of 
which are quite email.' 

Th ! largest numbers of reptile, amphib- 
ian, end bird species are in the South. The 
largest number -of fish species are in the 
Southeast, in both fresh and salt water, 
and the mpst mammal species are in the 
Rocky Mountains, the Great Plains, and 
the Pacific Coast. 

, About 766 million acres of Federal, State, 
and local public lands provide some degree 
of protected habitat for wildlife. Most are 
in the West. Some are managed to provide 
food and nitural shelter for selected 
species: Others are simply wilderness. In 
addition to these public lands, millions ot 
acres of private lands, largely in the East, 
provide suitable habitat for wildlife. 





N'jinbcf of speoes 
and subspecies 

jpi More than 1.000 

□ 650-999 

| 1 300-6/9 

Entire United States 

U Mammals 406 

B Birds 904 

R Reptiles 34S 

A Amphibians 199 

F Fish 1,067 

Total 2.927 
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Selected large mamol populations 
on Bureau ol Land Management lands, 
1961-1975 i 



Population 
10.000,000 



1.000,000 



100,000 



Caribou 



Pronghorn antelope 



Moose /"* 



10.000 



,000 



A Bighori 



Bighorn sheep 



For many mammals, particularly large 
' ones, hgbitat modification or destruction ' 
and excessive killing have reduced popula- 
tion size, and some species, are in danger 

of becoming extinct. Because most. Fed' - 

eral and State conservation efforts focus 
on mammals of commercial or sports 
value, particularly the large herbivores, 
these, are the species whose habits and, 
numbers are best known and whicfjjwe 
been most 'efficiently conserved. ■ 

Large native land mammals include the 
peccary (feyassu tejacu], pronghorn ante- 
lope (Antitapra amencana), bighorn 
sheep 'canadensis), Dall sheep (Ovis 
■ daft), mountain goats (O/eamnos ami- 
vanus), caribou ffangkr tatantius), white- 
tail (ftfocctas wginianus), bladktail 
(Otlocoieushemhus coiumbianus), and. 
mule deer (Odoco/te hems), elk • 
. (Cems canadensis, Cemsnannodes), 
moose (Afces alces), bison {Bison bison), 
black bears ((/reus amerjcanusj, grizzly 
bears (LVsus atctos), 'mountain lions ffeffs 
concofor)? and gray wolves (Canis lupus). 
Most of these species, require large areas 
to maintain viable populations in the wild. 
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Deer, the most prevalent of the large • 
mammals, are found in forests and on, 
rangelands in most of the country. The . 
whitetail population, for example, has 
grovaas cutover forests and abandoned 
farmlands in the East have grown back, 
Deer, numbering in the millions, are 
believed to be as abundant today as they 
were prior to European settlement, . 

Elk populations are estimated at 25% of 
presettlement totals, and pronghorn ante- 
lope at 2% to 3%. The bighorn sheep 
and bison are both estimated at less than 
1 % of early levels, 



Bureau of Land Management lands * rsiattonal Forests and National Grasslands 
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Selected lap mammal populations 
in National Forests and National 
Grasslands, 1960-1978 ■ 



Population 
10.000,000 



1.000.000 




100,000 



3,000 



1,000 




Alaska brown bear 




Caribou 



Population 
10,000,000 



,000,000 




100,000 



10,000 



,000 



100 



Mule deer ' 
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Animais removed or killed by 
Federal predator control activities, 
1937-1978 



8-5 

Bird species observed, 1968-1977 



HunNng, trapping, and poisoning have 
been the traditional response to animals 
— cORsidered-predatoKr-Such-killirig-has— — 
decreased substantially since the 
mid-1960s, when Federal predator control 
programs were curtailed. 



Number of animals 
1)000,000 



100,000 




10,000 




Birds are the most visible qf the verte- 
brates, and there are more than 900 
known species that vary in form and habit. 
Some have feeding habits as specialized 
as the Everglades kite (Mnrfta/M 
soc/abife p/i//)te), which eats ; only a' . 
single species.of .snail; the biue jay (Cyan- : 
ec/'lfa cr/sfata], on the other hand, is a ■ '■■ ■ 
-generalizedieeder^Birds-livulmosU: 



everywhere— from remote forests, moun- 
tain tops, and far 'out at sea to central . 
cities. There is also great variety in the 
areas over which they carry out their : n 
activities. Jhe home range, of. Belding's ':. 
savannah sparrow (Passercu/us sandwM- 
ensis Wmgl covers only about 8.500 
square feet (600 square meters); the ; 
golden eagle (/4qu/Iacr)rysaetos) hasa 

" raoge of 36 square miles (93,000,000 : . 
square meters). - 

On a given day in the nesting season, : 
the targest number of bird species has 

; . been observed in the Great Lakes Pine •'. 
Belt and the spruce^iardwood forests of % 
the Northeast; the fewest have been in the 
deserts of the Great Basin, During the 10 

. years of the annual Breeding Bird Survey, 
the average number of soecies observed 1 
in an area changed very little, but ihejre-;,; 
were many changes in the number ^indi- 
viduals obsefved. .-V. 
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P. 



Selected bird species populations, 
1966-1977 



Cattle egret 
». 



Brown-headed cowbird 



Common grackle 



House finch 




Starling 



(no change) 



(no change) 



Eastern kingbird 



Vesper sparrow 



Loggerhead shrike 



Eastern bluebird ■ 



Grasshopper sparrow 



Some species are becoming more wide- 
spread; others are declining in number 
and range. In some areasrexotic-birds — 
and birds that can thrive in a disturbed 
habitat are becoming more common at 
the expense of native birds. ' 

A native of Africa, now established in 
the eastern States, the cattle egret 
(fluoubs ibis) is rapidly spreading west.. ... 
There is little competition- lor its primary 
habitat, cattle pastures. 

Mechanical harvesting increases the 
supply of grain, thus reducing winter 
mortality of the brown-headed cowbird 
(Mo/ote aferj and the common 'grackle 
{Quiscalusquiscula), 

The house finch'(Carpodacus mexf 
canus) is native to the West, Released in . 
New York, it spread through the eastern 
States, It has adapted well to suburban 
habitats. , • 

After rapidly moving west, the starling . 
{Stums vulgaris) is now common through- 
out the United States and Canada. It is 
slowly spreading north to Alaska. 



Loss of farm hedgerows has affected 
the population of the eastern kingbird 
'(lymws'tyrmus 1 /. 

Conversion of farmlands to residential 
areas has influenced the populations of 
the,veppev sparrow (Fooeceles gmineus) 
and the oggerhead shrike (Lan/ds tab ' 
w'c/anus). • , • ' 

The.easterni3luebird(S/a/ia-5/alis) popu- - 

lation has decreased as a result of abnor- 
mally cold winters and competition for 
nesting sites with starlings and house 
sparrows, 

•The grasshopper sparrow (Ammodra- . • 
mus savannaru/nj population has declined 
in part as a result of the conversion of 
farmlands to residential areas. : ; 



-10.% -5% 0% - +5% +10% 
Mean annua 1 change in population 
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Most frequently obs Q ^ri trying bird 
species, 1977 



Red - winged b j-^^ircj, 




100 



Mean number oD ^rveq pet route 



The 12 most commonly observed bird 
species breeding in the United States are: 
the red-winged blackbird (Agelaius phoeni- 
ceus), house sparrow (Passer domesticus), 
common grackle (Quiscalus quiscula), star- 
ling (Sturnus vulgaris), western meadow- 
lark (Stumella neglecta), American robin 
(Turdus migratorius), mourning dove 
(Zenaida macroura), common crow 
(Corvus brachyrhynchos), eastern mea* 
dowlark (Stumella magn3)\cardinal' 
(Cardinalis cardinalis), song sparrow 
(Melospiza melodia), and barn swallow 
(Hirundo rustica). 
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Distribution of North American 
breeding and wintering ducks, 1970s 



Migratory waterfowl travel from Alaska and 
northern Canada to South America. Most 
ol them breed in the North and lly south 
lor the winter— a pattern thai requires 
wetland habitats for breeding and for win- 
tering, with food and shelter along the 
way.' The birds generally follow one of four 
primary north-south migration routes or fly- 
ways— along the Pacific coast, over the 
Central States, along the Mississippi River, 
or afong the Atlantic 
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Breeding density: 
Ducks per square mile 



1-5 

6-15 A 
16-30 
31 or more 

Wintering density; 

Each dot represents 
25,000 ducks 
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Duck harvest, by llyway, 1952-1978 ■ 



'.' . en aucks 



to: 



20; 



15 



10 




Centrai 



1950 



1955 



1960 



1965 



",970 



1975 



"980 



150 



ERIC 



. i r, h 

\ ,* « 



The harvest of ducks has fluctuated be- 
tween 5 and 19 million in the past 26;... 
years, In general the larger the duck pop- 
ulation, the larger the harvest. Roughly 

1 15% of the fall duck population is killed 
each year by hunters. 

Excessive hunting has historically led to 
depleted populations of migratory water; . 

' fowl, but a more important long-term' influ- 
ence is the loss of natural habitat, parlicu- : 
lariy wetlands,' '" 
To protect wetland breeding areas, the 

, Federal Government manages 1,6 million 
acres in Minnesota, Montana, Nebraska, 
North Dakota, South Dakota-, and Wiscon- 
sin in addition to wintering and feeding 

, lands along the major flyways. .Most breed- 
ing and wintering activities lake place op 
private property, particularly farmland, 
which is often under consideration, for 
drainage and .future cultivation, The most 

■ threatened wetlands used by migratory . . 
waterfowkare in the Mississippi Valley, 
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mn pelican populations 
id toxic residues in eggs, 
169-1976 



Brown pelicans 
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i add-on to toss o! habitat toxic sub- 
tances in the environment are a.threat to 
irds — particular!y (he large predatory 
pecies. DDT, lis derivatives, and other, 
hlorinated hydrocarbons-are examples of 
h micai contaminants that accumuiate-in 
mmal tissue. These compounds interfere 
fith calcium metabolism, causing egg- 
hells to be thin and making the eggs loo 
-agile " o hatching. , iAfcM 



Alter DDT was banned for most uses in 
1972, levels in Ihe eggs of brown pelicans 
(Pefecanus occtientciiis) decreased signifi- 
< cantly in southern California and South 
• Carolina, At the same time, the number of . 
fledglings increased, Growth in Ihe number 
of fledglings is a function of the lower con- 
centrations of DDT in their primary' food , 
source, anchovies and other small fish, 
§nd habitat protection. 4 • - 
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Distribution of fish species and major 
subspecies, by type ol environment 
and 'egion, 1970s 




E Estuary 4<P 
0 Ocean 460 
Total 1,06? 



U S. waters support ire than 1,000 fresh 
wat* and marine lish species. With its . • 
wqrn. climate, abundant rarJall, and ex- 
tensive waterways and coastlines, the, 
Southeas' supports more than 500. 
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U.S. and foreign fish catch 
in U.S. waters, 1950-1979 
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The total commercial eaten in U.S.' waters 
declined dur ng most ot tho 1970s', The 
peak was 12 7 billion founds in 1371; in 
1977. the .Cc.tch was 8.9 billion pounds. 

Catch by U.S. fishermen has changed 
httie in 22 /ears, averaging 4.9 billior 
pounds per year Foreign catch in US. 
waters, £w the other hand, inc^asec* 1 o 
7.7 billion pounds in 1971 but has siroe 
declined to 3.6 billion pounds. 
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U-S. and foreign catch of selected fish 
species in OS. waters, 1950-1979 



S'jDswuung new species and explciling me. 
more traditional ones at faster rates has 
enabled U S. commercia I fishermen !o . 
maintain levels of production. Yet about 
hall the important commercial fisheries 
are showing signs.of declining catches. As 
early as '963, the Pacific halibut (Hippo- 
giossus sienolepis) began snowing signs cf 
'jepletion, and catches declined steadily 
for 15 years. The haddock (Meldnogfafn- 
mus aeg&inus) and the Atlantic herring 
(Cfcpea h^engus hatengus) were over* 
fished, and catches declined precipitously. 
Once a fish stock is depleted, the fleets 
move on, often causing another fishery to 
decline, So continues the cycle of exploita- 
tion and decline. 

. During ttie past century, many of the 
most desired species of salt and fresh 
water fish nave been overexploited. It is 
not always known whether a given species 
will regain-previous levels of abundance or 
will stabilize at low levels. 

In an attempt to restore fish populations 
and fisheries, the Federal Government has 
set quotas on annual catches of these six 
species and other'seiected species since 
197;. The haddock quota is 14 million 
pounds. If maintained, it is expected to 
ra'se annual sustained yield to 100 million 
pounds. 
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Fish stocks have also been reduced by 
the modification and destruction of natural 
habitat, by changes in salinity and sedi- 
mentation, by increased pollution, and by 
use of coastal waters lor transportation c 

and recreation. 



The most lasting impact is destruction 
of estuarine habitat, the breeding and 
nursery grounds for shellfish and many 
other forms ot aquatic life. Betweon 1950 
and 1969, an estimated 646,000 acres 

'(4,9%) oi estuarine habitat were lost to 
dredging and filling. 
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Fish kills caused by pollution, 
1961-1976 
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Between 1961 and 1976, 482 million fish 
were reported killed as a direct result of 
pollution. These reports, which are volun- 
tary, probably account for only a fraction 
of the fish that were killed. Many small kills 
are not noticed or are not reported, and 
•large kills are often not included because 
* of insufficient information to determine 
whether the kills were caused by pollution 
or natural factors v 



( 

Kills of 1 million or more were responsi- 
ble for 77% of all reported fish killed in ' 
the 15 years. 



Low dissolved oxygen levels resulting 
from excessive sewage, primarily munici- 

-pal,, were the leading cause. The largest 
single incident was reported in 1974, when 
an estimated 47 million fish were killed by 

- untreated sewage in the Back River near 
Essex, Maryland. The second most,com- 
mon cause was pesticides. 
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Many species of wildlife in the United 
States are dangerously close to extinction, ' 
At the end of 1979, 228 plant and animal 
species were listed as endangered; 44 
were listed as threatened. Another 45 
animal species had been proposed for 
designation and were under study. 
' The Endangered Species Act provides' 
for their conservation and recover/. An 
endangered species is in danger of be- 
coming extinct throughout all or a signifi- 
part of its natural range. A ftreatene? 

s likely to become endangered in - 

^able future, 
species are determined endangered or - 
threatened by the Secretary ot tiie Interior, 
The States, the Smithsonian Institution, the ' 
U.S. Forest Service, and other administra- 
tive units fe^ classified additional species 
as endangered, threatened, rare, or , 

sensitive. 
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8-1S 



Population of selected threatened 
end endangered species, 1941-1979 



rr f. 



1 1 




California condor \ 



1940 



'1950 



I960 1970 



1930 



Some species ere recovering— tne Ameri- 
can alligator (Afl/gaior m/ss/ssjpp/ens/s), 
tne baa eagle (Hafeeetus feococepfta/usj. 
tne whooping crane (Grus americanaj, and 
the Key deer (Oo'oco/Ieus wginianiis 
clavfu/nj populations have increased 



^Otters are losing g^jnd despite con- 
servation efforts. The California condor 
fGymnogyps aliform) population was 
decimated in the 1800s and early 1900s, 
and the population has been'deciining 
since. Only about 30 birdsjiow remain. 
The Florida panther f^is coxo/orco^ 

is also near extinction. 
For some species it is too late. The 

black-footed ferret (Mustek nigws) is. 
probably extinct in the wild. The ivory-billed 
woodpecker (tenpetitius principalis pm 
pafc) has not been definitely observed 

since the late 1940s. The red wolf ''Cans' 
. rufus, population has declined because of, 
excessive killing by man. The small 
remaining population is pov/ hybridizing ^ 
with coyotes and dogs, and the animals fn 
captivity are of questionable genetic purity. 

Under provisions oLthe Endangered 
Species Act, s:eas on which endangered 
and threatened species depend for sur- 
vival may be designated critical habitats 
by the Secretary of the interior. In these 
areas, Federal agencies must ensure that 
their activities do not ah*** *%r 
: jroyir^li^Vi vj-vv. v - iiecG 
,nued exlstence.of the species. 



More than 100 critical behave 
been designated for 34spedes. A few 
species— the whoop^g crane, for 
' example— have^everal critica'- habitats 
which ranged breeding grounds in the _ 
North^owintering grounds in the South 
with stopover areas between. Critical habi- 
tats range from 15 acres fdr the St. Crpix - 
ground lizard {torn poiops) to 4.6 million 
acres for the gray wolf (OisW 

Critical habitats are not closed to most ' 
'human uses, only to activities, which^X 
threaten the well-being of the ^species. ■ 
Designation as critical habitaf is based . 
solely on biological factors, and rt may 
cover private as well as public lands. 

Ver/rarely are critical habitats desig- 
nated for plant species because of the 
possible species destruction by souvenir 
hunters. 

The snail, darte'ftoalanasMe 
only species whose designated critical-, 
habitat has been destroyed. When the 
Tellico Dam on the Little Tennessee River 
was exempted from the Endangered 

Species Act, the last known (at that time) 
natural area ror the snail darter was " 

flooded. Although two other rivers in 
Tennessee have been stocked with the 

snail darter, neither has yet been desig/ 
nated a crto' habitat 
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8-20 

"ondition of selected threatened 
and endangered species 



. "j . l. - - - - - ■ 

"3C>y" S:a:e ^a:^" r 



. '. .r.".'S 



r 



.^SVT. San JC35u:r. Va.>v 
C^'o^-a. areas c ; rat ;e 
.^ta'-o- 

njrifvm Mo^ana A r D ; -r;a. Canada 1 

Cc::ac: oar-c ": n ta*a 
;VcsSn r:g:'jn V-'vO"- "3 

S:,!' c-.'i'ta! U:a^ 



;-^v^' r -f:" csease 



Destr.ct ;-n c 1 raota*. = ega- 
stx 4 ng. 'racer; 



n act ■ 



300 
1 .O'jO 



t?'9 
W8 



Sat^Sr':"! V<V? 3 

F;o-aa Keys 



F'o'.da coastal wa!eis 



DeslruM* o* nap;iat tunicaries. 
I'eS. o--erhunt'ng S'-o.v'y increase 
ovei a snnal' range 

E'cossivft ki!:«p.g hawai l oss. 



Birds 

Fas'w- brown n^can 
California own pelican 

■ Cai'Mia condor 
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1i» 



E » 90 
40 

> 51 -ft, 
- 25 '30 



iw 



19-105 

early 1960s 
■lalfi 1960s 
1070 * 



SouU^astern Atlantic coast Toss coast Reprocucnon trrpa-rmer.' nivn egg 

snci:s), primarily liom pesticides (DDI 
ana dieldnnj in (oofl 



Pscitic coastal islands 



Bwjds in western Aleutians' 
Wmiors m Calilorma S central vailey 



Mountains north ot Los Angles 



ReoroduciJon impairment (thin egg « 
shells), pr man'y from pesticides (DDT 
~ and dieldrri) ?n lood 

Reduction ol secure breeding range J 
caused by predaiion by arctic fox.es 
iAbpe* itQopus! 

Land ^eveSopnrifent, accreasmg food 
supply pesticides, pollution 
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8-2b '(continued) ^ 
Condition ol selected threatened 
and endangered species 



Spnci'.'f. 



Whooping o\w/ 



S'iitus 



Mississippi sandhill ciano 



Puerto Rico parrot 



\ Bald ongle 



HiVidJiihis leucmpahs 



American peregrine 
Faico pewgiim anslum 



Arctic peregrine falcon 
Faico petegmvs tundrius 



Attwater's greater prairie 
chicken 

' Jywpanuchus cupido attwateti 

Red-cockaded woodpecker , 
Dendiocopos boicalis 



Reptiles/Amphibians 

Houslon toad 
A-'- fa/slo/iensis 



Estimated 
population 



Year 



Habitat 



- / ' ' Causes lot decline, comments 



2.000-4.000 

iJbo 

21 
16 . 

25 



96 

120-125; 
including 29 
in captivily 

39-40. 
including 9 
in captivity 
45-48 

19 ■ 
22 

■ 18 ' 
26-28 +15 
in captivily 
25 + 15 
in captivily 

more than 

1,300 nesting pairs 

119 nesting pairs.. 
183 nesting pairs 

120-150 + 
200 in captivity 



Re- 

''settlement 
mid 1800s 
1*9-1 1 
'1948 
195U-1952 
late f960s, 
1972 
1976 
1979 



1970 



Bieeds in Wood Buffalo National Park, Shooting reduction ol breeding 
Mackenzie, Canada; wmlefs on Texas prior to 1940s • 
coast, occasionally m Mexico 



1978 

1975 
1976 
1977 
1978 

1979 



1979 



1968 
1979 

1979 



2.000-6,000 b(eedin"gi5airs_ 1960s 



E 



3,000-10,000 
less Ihan.l.Ot 
v 



1971 



1970 
1979 



1,000-1, 



1978 



Jackson County, Mississippi 



Luquitlo Mountains, Puerto Rico 



Purely Chesapeake, Northwest, 
Great Lakes eMuarine areas. 
Population includes only 48 stales. 
In National Forests ol Michigan, 
Wisconsin, and Minnesota. 

Breeds from non-arctic Alaska, 
south to Baja California, to eastern 
Rocky Mountains, Population includes 
-only 48 slates. 

Treeless tundra ol arctic Alaska, 
Canada, western Greenland 

Texas coastal prairie 



Open old pine woodlands trom 
southeastern Oklahoma, Texas, 
western Kentucty/sdDmeaslern 
Virginia to southern Florida i 



Modification ol habitat 



Destruction of habitat, competition lot 
nesting sites; taking as pels; disease; 
shooting 



Destruction ol habilaj. pesticides J in lood 



Reproduction impairment (thin egg _ 
shells), primarily from pesticides (DDT 
and dieldrtn) ;n lood 

^Reproduction impairment (thin egg 
. shells).' primarily from pesticides (DDT 

■anddieldrin) in lood 
Destruction ol habitat 



Reduction of habitat 



Southeastern Texas 



Destruction of habitat, hybridization 

* I 1 1 1 r\ • *■ 



Species 



Status 



Estimated " 
population 



/ear 



Habitat 



Caust?s lor decline, comments 



Green turtle 

Kemps noley -sea turtle - 



American alligator 



Amoncan crocodile 
Cuvooykis nciilus 



Fishes 



Snail daitei 



Plants 

HswwcM 'tow? 

Kokti CQOK& ....... ■ 

Aiwsitocricius tebuschn 

■ Echmceteus \uenzleu 

Scierocdctus gtiucus 

9 Afdostaphyios hooken 
ssp. raiprt// 

Slenogync mustilo^ 
var. anguslA 



less than 

100 mature adults / 

40,000 nesting. fornixes 
500-1,000 nesling^emalcs 



E/T, '52,1(55 



+ several 
thousand in 
captivity 

■1.000-2,000/ 
100-400 ; 



less than 100' 
1 m cultivation 
less than 200' 
less than 200* 
15,000* 
r 

less than 100 1 



Excludes specimens in cultivation 

E Endangered 
T " - Threatened ' 

F/T - Endangered or threatened, depending on location 
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1978 



1947 
1979 



1970 
1979 



pjuu 
1979 



late 1970s 



1979 

1979 

1979 

1979 

1979' 

1979 

1979 



pastern Florida coast. 
Mexico (Threatened worldwide.) 

.Nesting habitat: Rancho Nuevo, 
Mexico; Padre Island National 
Seashore, Texas * 

North Carolina, Texas, Mississippi, 
Arkansas, southeastern California . 



Southern. Florida 



Originally in Little Tennessee River, 
Tennessee, late 1970s, stocked in 
Hiwassee River, Holston River, 
Tennessee 



Apalachicola National Forest, Florida 

Formerly western Molokai. Hawaiian 
Islands 

Stream banks and loose gravel bars, 
central Texas 

Cen'ral Now Mexico highlands, 



Western Colorado and eastern Utah 
plateaus 

San Francisco Presidio 
Hawaiian Islands ,. * 



Commercial exploitation, beach 
development 

Fredahon, poaching 



Commercial exploitation; destruction of" 
habitat prior to 1970; great population 
increase- in 1970s 

\ 

Urba\wation, destruction ol habitat 



Loss of habitat 



Changes m land management, 
vandalism, harvest by collectors 

Destruction oi habitat; grazing by 
caitte. goats 

Harvest by collectors, natural flooding 



Highway construction, harvest by 
collectors « 

Harvest by collectors, recreational use of 
high desert 

Human trampling, competition from _ 
normative species 

Grazing, browsing; human trampling;., 
exotic weeds, plants 



171 



Sources and technical notes 



8.1 j 
■ Distribution ol vertebrate species 
and major subspecies, by region, 1970s 

An dssessmtfil tstto forcsl and rangelund 
■•4a\mm ft? Unfed State* USDA Forest 
Swice (Washington USGPO. 19/91 hg.AI, 
'p 166 

Includes resident find common migrant 
vim lebralD species and selected subspecies 
which are listed by the Federal or a State 
government as endangered or threatened.' 
rue judged' sensing to land or water manage- 
ment practices, and are ol commercial or 
lec'oalional importance. 

Hogionsaie those ol IhoUSOA Forest 
Seivi" 1 

HtHi/mal details do not add to U.S. totals 
because double counting o f species and 
niaior subspecies has been eliminated. 

8-2 

Selected large mammal populations 
on Bureau ol Land Management lands, 
1961-1975 

Puck land siatra/ics 19/6, U.S. Depart- . 
merit ol the Interior (Washington; USGPO, 
1 1977|, p 84, and previous annual issues. 
The Bureau ot Land Management manages 

450 million acres. ' • 

\ Dala for pronghorn antelope do not include 

Alaska ) 
83 

Selected large mammal populations 
in National Forests and National 
Grasslands, 1960-1978 

Annual wftflife and tones report 19/8, 
USDA Foresl Service (Washington: USGPO, 
19/9). and previous annual issues. '. 

Dala are limited to 'National Forests and 
Grasslands and may therefore exclude signifi- 
cant populations ol these species, tor exam- 
ple, Ihe caribou lound in the Arctic Wildlife 

Refuge. 

The National Forests and Grasslands total 
187 million acres, 
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8-4 

Animals removed or killed 
by Federal predator control 
activities, 1937-1978 

1937-1970. Predator control 1971, 
Advisory Committee on Predator Control 
(Washington; USGPO, 1972), p. 22. 

1971-1977; U S. Fish and Wildlife Service, 
"'Animal Damage Control Division, unpubjjshed 
data. , 

Yeais are fiscal years 

Some hybrid animals, lor example, red 
woll/coyote and red woll/dog. are included. 

Federal funding lor taking red wolves 
ended in 1964: it ended lor the limber v/otl in 
1971, Both are now endangered, although lor 
the timber wolf, endaiigermenl does nol , 
include those in Alaska. 

8-5 

Btf'd species observed, 1968-1977 

U.S. Fish andWiLilile Service, Migratory 
Bird and Habitat Research Laboratory, Breed- 
ing Bird Survey, unpublished data 

The Fish and Wildlife Service's annual 
Breeding Bird Survey measures the number 

' and abundance ol bird species. North ■ 
America is divided into 62 ecological regions. 
All birds seen or heard within a quarter-mile 
radius during titty 3-mlnute stops spaced at 
hall-mile Intervals along randomly selected 
24.5-mile routes, of which there are 2,300, 

■ are c.ounled, One-degree blocks ol latitude 
and longitude are used as. a basis lor roule, 
selection to ensure good geographic distribu- 
tion of the routes. Both starling point and 
direction ol travel for 1 to 16 routes within 
each block are determined from a table of 
landom numbers. The survey is described in 
''Ecological distribution ol breeding birds," 
Steven R. Peterson, Proceedings ol (he 
sympos/um on management of forest and 
range Mats for non'game birds, May 6-9, 
1975, lucson, Mil, USDA Forest Service 
(Washington, D.C., 1975), gen. tech. rep, 
WO-1, pp. 22-38. 

8-6 

Selected bird species , . 
- populations, 1966-1977 - 

See 8-5, 



87 

Most Irequently observed breeding bird 
species, 1977 

See 8-5 

Vx house sparrow and starling weie mli 
duced to Norlh America. ' 



Distribution ol North American 

breeding and wintering ducks, 1970s u 

WaterM habitat trends\the Aspen 
Part/and of Manitoba, WiiliarmH. Kiel, Jr., 
Arthur S. Hawkins, Noland.G. Perrel, 
Canadian Wildlile Service (Otlawa: Infor- 
mation Canada, 1972), rep. series 18, tig. 7, 
p. 54. 

Reproduced by permission ot tne Minister ■ 
of Supply and Services Canada, , 

> iv • 

\ 

8-9 

Duck breeding populations 
in North America, 1955-1979 

■ ihe status ot waterfowl and faff WgM fore- 
casts 1979, US. Fish and Wildlife Service 
and Canadian Wildlife Service (Laurel, ML, 

' 1979), fig. 3, - . 

Duck bieeuing populations are counted 
Irom late April until early June. 

. Population includes mallards (Anas 
pfalyrliynchosj, gadwalls (Anas s(repera), 
pintails (Anas acfoaj, green-winged teals 
(Anas creccaj, blue-winged teals (Anas 
discorsj, American Pigeons (Anas 
americana), northern shovelers (Anas 
clypeaiaj, redheads (Ayfhya anier/canaj. 
canvasbacks (Aylhyavaterra),. scaups 
(Aylhya arte, Ayfhya marilaj, and others; it 
excludes elders, oldsquaws, scoters, and , . 

mergansers. , _ 



B-10 : 
' Duck harvest, by flyway, < 
1952-1978 

1952-1977: U S. Fish and Wildlife Service, 
Office of Migralory Bird Management, memo- 
- randum from Biologist, Waterfowl Harvest 
Survey Section to Chief June 6,4979, 

1978: "Waterlowl harvest and hunter activ- 
ity in ihe United States during the 1978 hunt- 
ing season," Samuel M, Carney etal., U.S. 
' Fish and Wildlife Service, Ollice of Migralory 
Bird Management, administrative report, 
June 21,' 1979, table 1, 1 

The harvest year extends from the fall ol 
one year through the following winter;. lor 
example, 1952 begin:; in autumn 1952 and 
ends in winter 1953. , . 

Data lor 1978 are estimated 

Data include ducks bagged and unretrieves 

kill. 

Hurvest data include maitaids fAias 
' piaiyrftynctos), biack ducks (Anas jubripes), 
'gadwalls (Anas strepero), pintails (Anas 
aculaj, green-winged leals (Anas crecca), 
blue-winged tea's (Anas discorsj; wood ducks 
(A« sponsaj, American wijeons (Anas ameri- 
1 canaj, northern shovels (Anas clypeafa), 
redheads {hyttya amettm), canvasbacks 
(Aylfiya valisineria), rinc- necked di'dKitytfy 
coffans), scaups (Ayfhy-., afals, Ay;//a 
ma(ifa),goldeneyes (BKey-ala 'c/angufc , 
Bucephafa islandica), l^fcneads (Bm')0t. 
atbeota), eiders (tonalew .^Ite-na, 
Somalera specfa*., PnVsfcIa siertfrf. " 
oldsquaws(C(ang«lal)!V':!fc, l ,'3CCter3 

(MeMfa nigra, Melvvu j^W-MeM! 
• perspia/la/a),;uddy f 'V; ; ^:0",i-.j 
/amaicensfc), morgans-' ; : > "W 
merganser, Merges $ • LO/Kf-oVMs 
cucuttatus}, and othe*- to. 
The total includes 0 06 -u ' • f r*3Bon . 
ducks harvested annually f wy/.y^ 
flyway, ,' 
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a-ii 

Brown pelican ptaJations 
and toxic residues in eggs, 
1369-1976 f ■ 

Southern and Bata Calslornia. 1969-1974, • ■ 
fledglings and DDT residues: "Brown 
pelicans: Improved reproduction- oil the 
southern California coast/' Daniel W. Ander- 
son et al.. Scrence 190:807 (1975), 1975 data 
'and PCB residues: "The status of brown 
pelicans at Anacapa Island in 1975," Daniel ; 
,. W, Anderson el al., California fish and Game 
' 63:6 (1977). 

South Carolina: "Elfects of organocWorine 
residues on eggshell thickness, reproduction, 
and population status ol brown pelicans j'n 
South Carolina and Florida, 1969-1976," 
Lawrence J. Blus, Trail B, Lamont, and 
Bufkett S. Meely,*Jr.. Pes//cirfes Aforo'for/ng J. 
12(4): 173, 182 (1979), tables 1,9. 

Residues are the geometric mean concen- 
tration m eggs, parts per million lipid weight, 
- Areas in southern California and northwest- 
ern Bajdialifomta include Anacapa and 
Santa Cruz islam!'; and Isla Coronado Norte. 
. Areas in South Carolina were Marsh Island 
in ihe Caoe Remain National Wildlife Reluge 
and Deveaux Bank. 

8-12 ' 

Distribution of fish species and major 
subspecies, by type of'environment 
and region; 1970s , 

SeeB-J,p.186..' 

Regions are those of the USDA Forest 

Service. - 

A*gwen species may be found in several 
environments, which are classified as sug- 
gested m Classification of weflaods and deep 
wafer naoilals of (fie UniferJ Stales, L.M. 
Cowardin. F. C. Gofet and E. T. LaRoe, U.S. ■ 
Fish and Wildlife Service (Washington, D.C., 

1977), p. 100. 

Regional details'do not add to U.S. totals 
• because double counting ol species and 
maidT subspecies has been eliminated. 
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6-13 

U.S. and foreign fish catch 
in U.S. waters, 1950-1979 

U.S. catch: f ishenes of /ne fin/fed Slates, ' 
1979, National Oceanic and Atmospheric 
Administration, National Marine "Fisheries ; 
Service {Washington: USGPO, T98Q), pp. 6, 
24. 

Foreign catch, 1969-1976: National M«;ine 
Fisheries Service, unpublished data. 1977: 
Fisheries o/lfielin/led'Sfafes, 7978 (Wash- 
ington: USGPO, 1979), p. 12. 1978-1979: 
Fisheries of Ihe United Slates, 1979 (Wash- 
ington: USGPO, 1979), pp. 12, 13. . 

U.S. waters extend out 200 miles from the 
coast, 

U.S. catch excludes weight of mollusk , 
shells; 1970-1979 data are fish landings, not 
catch,' 



U.S, and loreign catch ol selected . 
fish species in U.S. waters, 
1950-197? 

Pacific halibut, 1950-1979: National 
.Oceanic and Atmospheric Administration, 
National Marine Fisheries Service, unpub- ' 

-lished data. ' , 1 

Haddock,, 1950-1955: The Wed Sfa a 
maiine fehery resource, John P. Wise, ed, 
■(Washington: USGPO, 1976), MARMAP 
contrib.l.p, 98. 1956-1976: "Review and 
assessment of the Georges Bank and Gulf ol 
Maine haddock fishery," Stephen H, Clark 
and William J. Overt* (Waifs Hole, Mas:: 
National Maune Fisheries Servia. 19B0), lab. 
ref. 79-05, taole 1. 1977-1979: "Georges- 
Bank and Gulf of Maine haddock assessment 
update." Stephen H. Clark and Ronald J. 
Essig (Woods rble, Mass.; National Marine 
Fisheries Service, 1980), lab', rel. 80-06, table 
1, Foreign, 1960-1976: Clark and ©verhollz. 
tabic- 1; 1977-1979: Clark and Essig, table 1. 
Clams, total, 1 950-1965, and surf," 
1950-1965: National Maiine Fisheries 
Service, unpublished data, 1966-1975: A 
comprehensive review of (he commercial 
cfam industries in (he Wed Slates, National 
s Marine Fisheries Service (Washington: 
USGPO. 1977), p. 47- 1976-1978; Fisheries of 
(he lin^d Slates, 1978, National Marine 
Fisheries Service (Washington: USGPO, 
1979)! p. 2, and previous annual issues. 



1979: National Marine Fisheries Service, 

unpublished data. 

Alaska pollock, 1953-1970: Wise. p. 194. ■ 
1971-1979: National Marine Fisheries 
Service, unpublished data. 

Atlantic herring, 1950-1970: Wise, p. 129. 
.1971-1972, domestic: Wise, p. 352, 
1973-1978, domestic; fishenes of (fie United 
Slates, m (Washington; USGPO, 1979), p. 
1, and previous annual issues. 1971-1976, 
foreign: National Marine Fisheries Service, 
unpublished data. 1977-1978, foreign: 
Fiaheiies of the WedSfales, 1978 
(Washington: USGPO. 1979). pp. viii,14. 
1979, domestic and foreign: Fisheries of Ihe 
Med Stales, 1 979 [Washington: USGPO, 
1980) p. 8, 

Pacific perch, 1950-1972: Wise, pp. 183, 
352.1973-1978: Fisheries of Ihe Med 
Slates, 1978 (Washington: USGPO, 197S), p. 
1, and previous annual issues. 

Management data by species are available • 
as follows:Paciftc halibut — .42 Fed. Reg. ( 
8782. 9298 (1977), 43 Fed, Reg. 17242 
(1978). Haddock— 42 Fed. Reg. 13998<197V). 
Clams-42 Fed. Reg, 60438 (1977), Alaska 
pollock-43Fed,Reg. 17242 (1978), Atlantic 
herring— 43 Fed, Reg. 60474 (1978), Pacilic 
perch— 42 Fed. Reg, 8578, 8782, 9298 . 
(1977), 43 Fed, Reg, 17242(1978), 44:Fed. 

Reg. 66356 (197$).' 
8-15 

F^stuarine habitat lost to dredging 
and filling, 1950-1969 

„Nafonalesfaarysludy, o.lt. and 
Wildlife Service (Washington: USGPO, 1970), 
v, 2, appendix A, stall report, 

Data include ail water depths, except in 
the Great Lakes, where the water included 
was 6 Ir^et or less. 

8-16 

Fish kills caused by pollution, 1 
' 1961-1976 

fish kilts caused by pollulion in 1976, EPA 
Office ol Water Planning and Standards 
(Washington; USGPO, 1979),.pp. 4,5. 



8-17 

Extinct vertebrate species 
and subspecies, 1760-1979 

meatenedwtdlleoi the Wed Slates, 
U.S. Fish and Wildlife Service lWashington; 
USGPO, 1973), pp. 1-4, 

■ The : ecopapuplish(pypr/nodon 
nevadensiscatee) and the Santa Barbara 
song sparrow (Metospiza metodia yamerl 
are believed to be extinct and will be t 
removed from the list of endangered and 
threatened species, As of December 1979, 
neither had been declared extinct and ■ 
' removed officially, 

The passenger pigeon was extirpated from 
the wild in the 1890s, and' Ihe last known ■ 

specimen died in the Cincinnati Zoo in 1914, 
Dates reler to the last sighting, not to an . 

oflicial announcement of extinction, A 
species is oflen believed extinct several 
decades before oflicial declaration by the • 
U..S, Fish and Wildlife Service. 

8-18 • 

Threatened and endangered animal 
species m'^Unlled States, 
Decemb- ^ 

. U.S. Fisn .. MdWildlile Service, Office of . 
Endangered Species, Manned s P ec ' es . 
lech, Ml ':-1tf2 (1980). , 

For a spec is to be designated endangered 
or threatened, a qualified individual or group 
lirst brings Ihe species 1o Ihe a W -jnoltne 
U.S Fisti and Wildlife Service, which deter- 
mines whether it is in fact threatened with 
extinction, 

If extinction is possible because of habitat 
destruction or modification, overexploitation, 
disease, or predation and it its survival 
requires human assistance, it will be desig- 
nated C/ndangered or threatened. Then a plan 
to restore the population to, sustainable levels 
is prepared and Ihe remaining animals or 
plants aie protected and managed, 

The oflicial Federal list of endangered and 
threatened species is periodically revised and 
published in the Federal flegister. '• 

Through cooperative agreements, States 
are provided matching funds for conservation 
ol listed species, In addition, the U.S. Fish . 
and Wildlife Service has estafA'shed recovery 
teams which prepare 
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Population of selected threatened 
and endangered species, 1941-1979 

Key deer, 1949-1972, and whooping crane, 
1972: Threatened wildlife of the United 
States, U.S. Fish and Wildlife Service (Wash- 
ington: USGPO, 1973), p. 265. 

Whooping c«ane, 1941 -late VJ60s and 
1976-1979, and California cc idor, 1979: U.S. 
Fish and Wildlife Service, Office of Endan- 
gered Species, unpublished data. 

California condor, 1940s-late 1960s: 
Predator control— 1971 , Advisory Committee 
on Predator Control (WashingtohMJSGPO, 
1972), p. 86. *\ 

Bald eagle, 1969-1979: "Bald eag^e-osprey 
survey report 1979.'" USDA Forest Service, 
piepared 1979, unpublished. 

Data for the bald eagle include nesting 
pairs in the National Forests of Michigan, > 
Wisconsin, and Minnesota. 

8-20 

Condition of selected threatened 
and endangered species 

Threatened wildlife of the United States. . 
li r Fish and Wildlife Service (Washington: 

..■'0. 1973), pp. 7, 88, 102, 104, 124, 127, 
129. 133, 138, 141, 162, 217, 220, 237, 241, 
242, 243,' 245, 247. 265. . 

U.S. Fish and Wildlife Service. Office of 
Endangered Species, Endangered Species 
-Tech. Bull., Jan., Feb.. March, April, May, 
Oct.. Nov. 1379; Feb. 1980. 

Predator control— 1971, Advisory 
^Committee on Predator Control (Washington: 
USGPO, I972)^pp. 86, 149, 154, 156. 

U.S. Fish and Wildlife Service, Office of 
Endangered Species, unpublished data. 
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Chapter 9 



nergy • 

Plentiful, low-cost energy is one of the 
foundations on which industrial society is 
built. Use of this energy has reduced 
physical labor, extended transportation to 
almost all areas of the continent, and pro- 
vided light, heat, cooling, and appliances 
that make life comfortable. 

The interaction of readily available 
energy and advanced technology largely 
determines the U.S. life style. It influences 
the construction^ heating, and ;ool. ^ ' * 
homes and the size, style, and operation 
of motor vehicles, motor homes, motor- 
cycles, and snowmobiles. Until 1973, the 
real price of domestically produced fuels 
was declining, making it advantageous tb 
put more energy to work, to make and 
Transport goods, even to play. 

The United States uses a third of all the 
energy used in the world in a given year, 
more than any other country. Its per „ 
capita use of energy is among the highest. 

The environmental costs 01 this energy 
use have been high. They include health 
risks from air pollution and radioactive 
contamination, disturbed land, lost wilder- 
ness, destroyed wildlife, and pol'uted 
streams. 

Historically, the Nrtion has had 
abundant, cheap energy resources— 
w.ood, coal, oil, and gas. As a conse- 
quence, there has been little incentive to 
use energy efficiently. But now, energy is 
coming* to be viewed as a resource to be 
conserved and used wisely. 
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Energy consumption, by fuel typo, 
1850-1978 




9-2 

Energy consumption, by fuel type, 
'1950-1978 



Nuclear energy 



. '20 




US. consumption of energy has increased 
more than 30-fold since 1850. In 1978, it 
was 78 quads. . 

: A quad equals one quednilion British 
thermal units (Btu). A Btu is the amount of 
energy required to raise the temperature 
o' o^ 'dof water 1°Fator near its 
p ERlG imurn density, 39.2°F. • 



Between 1950 and 1973, energy 
consumption increased at an average 
annual rate of 3,5%. Petroleum and 
natural. gas consumption increased by 
4.3% and 5.9%, respectively. ■ 



Since 1973, the pattern has changed, 
Energy use declined in 1974 and 1975 in 
response to higher prices, the decline in 
economic activity, and changing public 
attitudes, Since 1975, energy consujipjip^ 
has again increasedtut at rates-sorW^v 
what lower than before, 
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, Net trado In energy resources, 
'1950-1973 



Quads 
20 



15 




94 

Energy production, by fuel type, 
1650-1978 ' 



Thobulk of U.S-. energy still comes from 
domestic sources. Over the years, the 
basic fuel has moved from wood to coal to 
cruris oil and then to natural gas. With ^ 
each change, the fuel became more eft 
cient and burned more cleanly. 



The most dramatic change in ertergy , 
supply is the growing reliance on jmporls, ■ 
As late as 1952, the United Stales was 
self-sufficient in energy. By 1973; nearly 
'17% oi its energy needs were met with 
imports, primarily oil. Oil imports declined 
in 1974 and 1975 but rose in 1977 to their 
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D Nettrade is equal to exports 
imports, 
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Energy production, by fuel type, 
1950-1978 



Quads 

80; 



50 



Nuclear energy 



' 40 



20 r 



Hydropower, geothermal. 
and other^ 





1950 



1960 



1970 



1980 



From 1950 to 1972; production increased 
at an average rate ot 2.8% per year—not 
■enough to meet the demand, production 
peaked in "^2 and has sir.-ce leveled off 
to between t-J and 62 quads per year. 




■Two important changes in production 
have taken place. First, the production and 
use of coal to generate electricity has 
increased rapidly since '1962 'Second, the. 
amount of energy prpducedlrom hydro- ( 
power, nuclear, and geothermal resources 
has more than tripled since 1950— from 
1 .4 quads to 6.0 quads— although they 
accounted for only 10% of' the energy 
-produced in 1978, n „ * 




PRODUCTION 

Nuclear power 1 65 - 



GROSS 
CONSUMPTION 



Energy lost in generation 
and transmission of electricity, 
11.25 



Net imports 
0.90 



11.25 



Waste 
45.37 




Energy from coal, oil, natur^gas, hydro- 
power, and' nuclear power is*either used 
to generate electricity or consumed 
directly in vehicles, in buildings, and by 
* industry. In the process, nearly twice as 
<rfiuch energy is lost as waste as is avail- 
able for useful heat and work. 
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The use of energy to generate electricity 
has grown rapidly since 1950, when the 
electric utility sector consumed less than 
any other sector. It now consumes the 
most. 
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Energy ^onsumjrtjon, by end use, 
1950-1&/8 ^ 



Quads 

30 f 



40 





1950 



1960 



When electricity is. allocated by end use, 
'id 78 quads of energy consumed in 1978 
look like this: households and commercial 
establishments used 29 quadS. industries 
used 28. and transportation used 21. 
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Residential heating, by fuel type, 
19404975 " 



Percent oi all he jsehe ds 
100- 




9*10 

Residential heating, by fuel type 
and county, 1970 



Coal and wood almost disappeared as 
primary fuels for home heating, while the 
use of electricity has grown rapidly and 
has become the dominant fuel in three 
regions of the country. . 



Space heating is the single most important 
use of energy in the home. In 1940, more 
than three of four homes were heated with 
coal or wood.By 1975, gas was used in 
six of ten households. 
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Per c? pita energy consumption 
and gross domestic product 
lor* four nations, 1961-1977 
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Gross domestic product per capita (31,000 U.S.) 



1 2 3 4 5 6 7 8 r -9- 
Gross demesne product re-r capita (Si .000 U.S.) 



How energy consumpton ,n the United By this measure, the United States is a [■ Gross domestic produ ct (GDPK 
Slates compares with that of other techno- , high energy consumer. In 1977, West Ger- measures a nation s domestic economic 
logically advanced countries may be many used more than 4 tons of oil equiv- activity, 
measured by the use of energy relative to . alent per person and the United States 
the gross domestic product per capita. ' more than 8 tons to achieve an economic . 

level of about $8,400 in goods and ser- 
vices per year, / 
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Eneigy consumption per capita 
(tons of oil equivalent) 
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United Kingdom 

Energy consumptidrTpe'r capita 
(tons ol oil equivalent) 
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Industrial 



Residential, commercial, 
and miscellaneous 



Losses in generation 
and transmission 
of electricity 
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Energy supply systems 
lor fossil fuels 



Resource 



Natural gas 



Extraction 



Transportation 



Processing 'i 'Distribution j Storage 



Conversion 



Slot oven 



Electric generation 



End uses 



Metallurgical uses 




T'anpottation uses 
Electrical uses 



Onshore 



/' Ollshore \ 



Gathering 
pipeline 



NGL :."waim 



Underground 
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. space conditioning 
& other uses 






■ Space conditioning 
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/ ' Generation & 


& other uses » 
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■ / " transmission 
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Liquefaction \ ING truck 



Regasificati( 



The environment is affected at all steps of 
energy devetopmenl, from exploration, 
harvesting oc mining, concentration, refin- 
ing, conversion, transportation, storage, 
and marketing to end use. 
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Some impacts are additions to the en- Energy growths Wed by environ- 
yironment-sulfur dpxtie and particulates ' mental and socioeconomic effects as well . 
released in the combustion of coai, spilled as.by availability' of resources. - 
oil, and radiation from nuclear fission, for . 
example. Each addition may not create 
stress on the 'er^nmetf, but cumulative - 
effects-may be se ..ous. 1 \. > 
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Coal fields, 1970s 




Type of coal 
Ejg&s£l Anthracite 

B Bituminous . 
Suh' 'uminous 

Lie j 



Coal is the. Nation's most abundant fossil 
fuel, making up 95% of fossil fuel re- 
serves. Coal is also one of the most en- 
vironmentally damaging fuels, emitting fine 
particulates, hydrocarbons, nitrogen and v 
sulfur oxides, and trace metals when it 
burns without control. 



Anthracite is the hardest and has the 
highest heat content of the coals. Reserves, 
of bituminous coal are the most abundant. 
Lignite and subbituminous coals are lowest 
in sulfur content. 



Coal reserves in the East.are generally 
'deeper than those in the West, where they 
can be surface mined. In the West, re- 
clamation of disturbed land is made Ctf- 
ficult by the shortage of water. 
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toal production, 1900-1378 



Million short tons 
750 r 
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In 1977, coal production reached 665 
million tons, equal to the peak during 
World War II. Production fel\ in 1978 
because of lower demand and an extended 
coal strike. Surface mining now accounts for 
almost two-thirds of all coal mined.. In . 
1978, about three-fourths of all coal mined 
was used to generate electricity. 
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Land disturbed and reclaimed 
by the coal mining industry, 
1930-197a 



llion acres 



' 0.5- 
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Streams affected by acid mine 
drainage, 1970s 




From 1930 to 1978, roughly 2 million 
acres (an area two-thirds the size of Con- 
necticut) were disturbed by coalmining 
operations. About 65% of this area has 
been reclaimed by mine operators — that 
is, initial revegetation was completed. 
The Surface Mining Control and Rec- 
lam&llon Act of 1977 requires the States ' 
to set Ian J reclamation standards in order 
to restore the land to its original contour • 
wherever practical, io staNize erosion, to 
avoid disturbing the hydrological balance, 
and to restore vegetation. 



-Not aH-the impacts of mining are so direct 
as land disturbance. Acid mine drainage 
seriously pollutes streams, especially in 
Appalachia and the Ohio River basin, 
Sulfuric acid and Iron compounds form 
when water and air react with sulfur- 
bearing minerals in mines or refuse piles, 
Acidic water washed out olminescan 

. alter the composition of drainage systems. 

An estimated 10,500 miles of streams 
have been affected by acid mine,drainage, 
Of them, about 5,700 miles, primarily in 
Pennsylvania, Maryland, West Virginia, 
Ohio, and Tennessee, are continually pol- 
luted, Acidic waters destroy fish larvae 
and corrode piers, bridges, and industrial ■ 
equipment, 




i Streams ailected 
by acid mine 
drainage 
[ ] Principal coal 
deposits 



Coal mine deaths from accidents, 
1906-1971 



Miners risk accidental injury and death 
and such diseases as pneumoconiosis 
(black lung), emphysema, and bronchitis, 
which affect thousands of workers, reduc- 
ing their file expectancy and seriously 
disabling many. The number ol deaths in 
coal mining operations has declined sub 
stantially since 1900. In 1978, the numb 
ol recorded deaths was 1C? compared \o 
more than 3,000 in 1907. Fe ar miners, 
more and better salety precautions, and 
improved equipment have brought about 
the change. ' 

There are no summary data on cases of 
black lung disease resulting from years of 
exposure to mine conditions. But coal 
miner mortality from influenza, em 
physema,.asthma, tuberculosis, and all 
other respiratory diseases (including black 
lung) is greater than expected. ( 
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Nalural gas 
and ptetroleum 
fields 
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^atura> £2'* -"^ - ^ production, 
1950-197B 
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Crude oil 




Natural gas production reached a high 
point in 1973 at 21,730 billion cubic feet. 
In 1990, about 5% of' domestic production 
will corns from Alaska. In 1976, domestic 
production was 40% of the world total. 
Production of oil peaked at 3.5 billion 
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tural gas facilities, 



Type of facility 

• LNG slorage and 
liquefaction laciliy 
Import /receiving 
terminal 



In a supercooled state, natural gas >/ 
becomes a liquid, (te volume is reduced by 
a factor of 600, and it can tie transported 
in specially designed tankers; Four lique- 
fied natural gas (LNG) receiving terminals 
are located in Massachusetts, Rhode . 
" Island, Maryland, and Georgia, From them, 
the imported gas is transported to storage 
and regasification facilities. 

The main concern with'LNG is safety. If 
a tank containing LNG were to rupture, 
the LNG would vaporize quickly, posing a 
threat of explosion or fire. The only major 
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Nuclear fual cycle 




Fuel fabrication 

* x. 



s v Plutonium 



Enrichment 
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Interim storage 
Spent fuel reprocessing ^ 



/ 



Uranium 



s 



High-level waste / 
or spent fuel ^ 

/ 



UF r conversion 



Milling . 



/ 



/ 



* / 

Geologic dispo' ::, 



Explorai on Mining 




Front end 



Pick end'-- 

Fuel ..cycle, today 

Prospective "closed" fuel cycle 



Nuclear power was first used commer- 
cially in 1957, when a nuclear power plant 
in Shippingport, Pennsylvania, began to 
produce electricity. Nuclear power is 
based on the fissioning or splitting of the 
nuu~< of plutonium or uranium-235 into 
lighter elements, releasing energy in the 
process. In a fission nuclear reactor, a 
chain reaction is controlled to produce 
heat. This heat then produces Steam at 
high pressure, which drives a steam tur- . 
bine, turning an electric generator. 

A major .environmental problem asso- 
ciated with nuclear power generation is 
the release of radiation which may occur 
at ail stages of the fuel cycle. Release 
may occur through mishandling of 
materials, accidents, or sabotage. Another 
problem is wasfe^at emitted into water- 
ways and thS atmosphere. -Waste heat oc- 
curs because power plants use only a 
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Nuclear reactors built,' 
being built or planned, 
September 197S-December 19/9 
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Nuclear reactors, December 1979 



Number of reactors 
250r 



240 



Twenty years ago, only 2 nuclear power 
reactors were in operation. In 1970, there 
-were 16, and at the end of 1979, there 
were 70. 
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In mid-1975, 244 nuclear reactors had 
been built, were being built, or were planned. 
By the end of . 1979, the number had drop- 
ped to 188. The 56 cancellations were the 
result of reduced estimated demand for 
electric power, financial problems, or safety 
concerns. 
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Status 

■ In operation 

□ Under conduction 

Application under 

review 

Map excludes 4 nuclear 
reactors ordered and 
V > 2 publicly announced: 
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Nuclear power generation, 1957-1979 



Electricity generation (bi- on kilo a at t hours) 
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Nuclear power reactors now produce 
more than 255 billion kilowatt hours of 
electricity each year— about 11.4% of the 
total generated in 1978. 
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.ow level radioactive wastes 
lisposed of, 1962-1979 

Vastes are generated at all stages in the 
luclear cycle. Low-level wastes are the 
ailmgs from uranwrn m^ing and mPling 
ind the materials and equipment used in 
he nuclear fuel industry. High-level wastes 
ire created in reprocessing spent fuel- 
he fuel that remains after the useW 
energy has been obtained from the nu- 
clear chain reaction. Because nuclear 
wastes may be radioactive for hundreds or 
Ihousands of years, permanent disposal 
requires their isolation from the biosphere • 
for at least that long. 

Low-level nuclear wastes are generally 
buried in melal or concrete containers at 
designated commercial or Federal sites. 

Roughry haft of the commercial tow-level 
wastes result from generation of nuclear 
power, the other half come from diagnosis 
and treatment of diseases and from other 
activities that use radioactive materials. As 
of 1979, 2.2 million cubic meters (77,7 
million cubic feet) of low-level wastes had 
been buried in the United States; three- 
fourths at Federal sites. In addition, about 
140 million tons of uranium mill tailings 
had been stored at the milling site. 



Million c-'bic meters buried 
(cumulative volume) 
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At Federai disposal sites 
(annual data not available 
for 1962-1976) 



At commercial disposal sites 
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Radioactive waste disposal sites, 
1979 



A singie 1.000-megawatt nuclear power 
plan! generates about 25 tons of radio- 
active spent fuel per year, a high-level 
; waste that must be disposed of per- 
' manently or stored for possible reprocess- 
: ing later. No commercial reprocessing 
plants are now in operation, and spent fuel 
is stored at nuclear power plants. 

Yo date, most high-level yvastes have 
come irom the production Of nuclear 
weapons. These wastes id some from 
nuclear power reprocessing— a total of 
269,000 cubic meters (9.5 million cubic 
feet)— are stored in ste I tanks at four 
temporary locations. Tne most discussed 
method of peimanent disposal is in deep 
geological formations such as rock nalt 
deposits, in shale, in crystalline formations 
such as volcanic rock, and in metamor- 
phic rock. 

Low-level wastes are disposed of by 
sallow burial at 22 sites. As of December 
1979, 5 were closed to new shipments. 
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Production of hydropower, 1950-^1978 



In' addition to nuclear power and fossil 
fuels, there are many other sources of . 
energy. They depend directly or Indirectly 
on the sun. Solar sources include hydro- 
power, geotherrnal, direct soiar, biomass, 
wind, and photovoltaic cells. <5 • 

fdany of these new energy technologies 
are too new (or trends to be clear, but in- 
- terest is high and activity is accelerating. 

The United States now produces 280 
billion kilowatt hours of energy from hydro- 
power annually. Almost all ol it is trans- 
formed into electricity. 

Although generation ol hydropower has 
, grown by about 4% each year for 28 
years, it now supplies a decreasing per- 
centage of to'al electricity. In 1950 it was 
29.2%, and in 1978 it was 12.7%. The 
' drop in 1977 resulted from a severe 
drought in the Pacific Northwest. 

Hydropower.is primarily a regional 
source of electricity. Most of the better 
Sites have been developed, but growth is 
* expected fwm operation of many small- 
scale sites, particularly in the Northeast. 
Additional large-scale facilities would con- 
flict with other land and water us^s. 
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Geolhermal resources, 19705 




Geothermal resources consist of hot dry 
rock, steam, or hot water reservoirs trap- 
ped hundreds or thousands of feet 
beneath the surface of the earth*. These 
resources are used primarily to generate 
electricity. Most arenas of possible geother- 
mal resource development, are in the 

western and Rocky Mountain States. . * q ^ ^ J 
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Production of electricity;- 
from geothermal resources, 
1970-1978 



Billion kilowatt hours 
4 



1950 



1960. 



1970 



1980 



the only producing geothermal facility is * - 
the Geysers in northern California. Output 
declined in 1977 and 1978 because of 
maintenance problems, but until then, the 
Geysers had provided as much e.s 0.18% 
of the domestic production of electricity. ^ 
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Solar collectors manufactured, 
1974-1979 • 



Sources and technical notes 



Million square feet manufactured • 
15 
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Medium temperature, 
special, and other v 




1970 1971" 1972/ 1973 1974 1975 1976 1977 1978 1979 1980 



The manufacture of low-temperature solar 
collectors, used primarily to heat swim- 
ming pools, has increased more than ■ 
: 7-fold in 5 years; the manufacture of 
medium-temperature collectors, used for 
space and domestic water heating, in- 
creased 40-fold at the same time. 
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Energy consumption, by fuel type, 
1850-1978 

1850-1940, all fuel -types, and 1950 fuel- 
wood only: Energy perspectives, U.S. Depart- 
ment of the Interior (Washington: USGPO, 
1975), p. 34. . 

1950-1978, except wood data; Annual . 
^ report to Congress, 1978, U.S. Department of 
Energy, Energy Information Administration 
(Washington: USGPO, 1979). v/Two: Data, 
. DOE/EIA-017312, p. 7. ' 

These figure's are estimates of the amount 
of energy used In homes, commercial estab- . 
lishments, transportation systems, and in- , 
dusiry. 

Forms of energy not marketed directly are 
not included (for example, energy derived 
from draft animals and water wheels in the \ :. 
19th century). 

The energy derived by the pulp and paper -y 
industry from its own waste products is not • • 
included. .' 

Energy derived from all forms of biomass • 
and not includes in the 1978 total ranges : 
, from 1.3 to 1.8 quads. _ 

In addition, many other forms of. energy 
make up a very small portion of the total:" i g; 
Direct solar, currently estimated at 1/200 of ^ 
1% of all energy consumed, windmills, and/ 
% < photovoltaic cells. . ♦ 

For 1950-1978, coal includes bituminous, H 
lignite, and anthracite. Natural gas'excludes % 
natural gas plant liquids. Oil includes natural . 
gas liquids and crude oil burned as fuel., .v 
Hydropower includes electric utility and in- 
dustrial generation of hydropower and net.} 
electricity imports. Geother'mat and other in- 
"elude wood, refuse,- and other biomass fuels 
used to generate electricity. 

Data for 1978 are preliminary, 

9-2 . ' • . 

Energy consumption, by fuel type, . - 
1950-1978 

Annual report to Qongress, 1978, U.S. 
Department of Energy, Energy Information 
Administration (Washington:* USGPO, 1979). 
v. Two: Dala,»DOE/EIA-017312, p: 7. 

bata for 1978 are preliminary. - 

■v. 



9-3. /, ' 

Net trade in energy iesources, 
1950-1978 " 

See 9-2, p. 11. 

Total includes coke and electricity 
generated trom coal lor which net trade was 
-B.31 quads in 1978. 

Oil includes crude oil and refined petro< 
(eum products including unfinished oils and 
natural gas plant' liquids. 1 

Data lor 19/8 are preliminary. • ) 

94 , 1 

Eriergy production, by fuel type, 
1850-W8 \ 

1850-1940, Htstoncal statistics of the 
Un/fed Stoles, colonial Urns to 1970, U.S. 
Qureau of the Census (Washington: USGPO, 
to, pp, 587-588. 9 " ' 1 

,1950-1978: See 9-2, p. 5, 

Jftal, 1850-1940, includes bituminous and 
Pennsylvania anthracite: 1950-1978, include ' 
bituminous, lignite, and anthracite. 
* Wood data are for consumption not pro- 
duction. f 

Natural gas, 1950-1978, excludes natural" 
gas plant liquids. , 

Oil. 1950-1978, includes crude oil, lease 
condensate, and natural gas liquids, 
" Geothermal includes wood, refuse, and ' 
.other biomass fuels used to generate elec- 
tricity. 

Data ior 1978 are preliminary. 1 
45 

Energy production, by fuel type, 
1950-1978 

See 92, p! 5." 

Other includes wood A refuse, and other 
biomass fuels used to generate electricity. 
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Energy flow in the U.S. economy, 1975 

r I 

"Annual U.S. energy use drops again," 
U.S. Bureau of Mines, news release/April 5, 
1976, adapted from Man, energy, socfely,.. 
Earl Cook (San Francisco: W.H, Freeman & 
Company, 1976), p. 313, '* 

Food energy is excluded. 
Hydropower is computed as 1C 
. cient. 

Changes in inventories, invariably relatively 
small, are included in net imports or exports. 

Industrial consumption includes nonluel 
uses of energy resources (asphalt, petro- 



i effi- 



Efficiency figures used to disaggiegate 
useful heat and work from waste are very 
rough estimates of lirst-law efficiency: House- 
hold/commercial, 72%; transportation, 15%; 
industrial, 40%. Electric generation efficiency 
averages aboui 38% when hydropower is in- 
cluded. 

i 

9-7 

Energy. consumption, by sector, 1950-1978 

m See 9-2, p. 9. 
Data for 1978 are preliminary. 

H 

Energy consumptidn, by end use, 
1950-1978 ■ . . 

See 9-2, p, 9. 

Energy consumption is, allocated in propor- 
tion to sales by privately owned Class A and 
B electric utilities, which accounted for 78% 
of the market in 1977. 

Miscellaneous includes coal used to run 
mine machinery, coal sales to mine employ- 
ees, and changes in mine inventories of coal. 

Data for 1978 are preliminary, 

3-9 

Residential heating, by fuel type, ' 
1940-1975 

■ fiesioWa/ energy uses, U.S. Bureau ol 
the Census (Washington: USGPO, 19)8), cur- 
rent housing reports, series H-123-77. 



9-10 ■ 

Residential heating, by luel type 
and county, 1970 ■ 

See 9-9. 
9-11 

Per capita energy consumption 
and gross domestic product • 
lor four nations, 1961-1977 

Energy consumption, 1961: Energy 
balances otOECO countries, (974/(976, , 
Orj'.vation (or Economic Cooperation and 
Development, Internationa! Energy Agency 
(Paris, 1978), p. 26: 

1962-1977: Energy hates of OEC0 
countries, 1975/77 (Pans, 1379), p, B8. 

Gross domestic product find population, 
, 1961: National accounts or CfCD countries, 
(976 (Paris, 1978), v. 1.1962-1977: National 
■ accounts ol OECD countries, (952- (977 
(Paris, 1979), v.l, pp. 133, 146, 

One metric ten ol crude oil equals ^ 
million Btu. 

Gross domestic product excludes income 
originating overseas. ' * 

GDP is computed here using market ex- 
.. change rates, 

9-12 

Energy consumed by sector 
for nine nations, 1972 

How industrial societies use energy— a 
comparative analysis, Joel Darmstadter, Joy 
Dunkerley and Jack Merman (Baltimore; The 
• Johns Hopkins University Press, 1977), p, 1 87. 
Published lor Resources lor the Future. 

9-13 

Energy supply systems fortossil fuels 

MEfiES and the evaluation of energy alter- 
' natives, Council on Environmental Quality 
(Washington: USGPO, 1975), p. 6, adapted 
from [fie reference energy sysferr, and 
associated (tela toe, Murray D.Goldberg 1 
(Upton, M.Y.: Brookhaven National uabora- 
1 lory, 1974), BNL 19263 
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Coal fields, 1.970s 



V 



Coal reso/rces of the United Mi 
Jamty I, Wi Paul Averill, U.S. Geological 
Survey (Washington: USGPO, 1975), bulletin 
,1412, p. 5. 

MS 

Coal production, 1900-1978 

1900-1913: Coal wining iMies in the 
Med Slates, I87(W9H with statistics of 
ml ptoduction, lator and wring methods fiy ' 
Slates and calendar years, U.S. Bureau ol 
Mines OWashington. D,C. f 1916). p- 10, 
1 1914-1966: Bituminous Coal Operators, un- 
published datv Pennsylvania Department ol 
the Environment, unpublished data, 

1967-1971: Injury expetience in coa/ m 
ing, 1978, U >,l Department ol Labor, Mine 
Safely and Health Administration 
(Washington: USGPO, 1V80) r informational 
rep. 11 12, table 2, p. 13, and previous annual 
issues,. 

■ Surface, 1967-1978, includes strip uHng, 
augering, culm banks, and dredg,ng. 

9;16 

Land disturbed and reclaimed 
by the coal mining industry, 
1930-1978 

1930-1978: U.S. Bureau ol Mines, unpub- 
lished data, 

Data are lor bituminous, subbjtuminous, 
and lignite coal only. . 

Land disturbed includes that used in sur- 
face and underground mining and for coal* 
. cleaning plant wastes. 
. Reclamation data include land reclaimed 
by the industry, not Jh rough State and private 
efforts. ' 

Although State requirements differ, mine 
operators are generally required to reveg- 
etate disturbed land, . f 

Acreage includes only initial reclamation, 
. Data for 1978 are preliminary. • . 
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• 9 ' 17 

Streams allected by acid mine 
drainage, 1970s 

Wafer alias 0/ the Un/ied Slates, Water In- 
tormation Center, Inc. (Port Washington; NX 
1973). plate 57. 

9-18 

Coal mine deaths trom accidents, 
! 1906-1978 

Injury experience in coal mining,. 1978, 
U.S. Department ol Labor, Mine Safety and . 
Health Administration (Washington: USGPO, • 
1980), informational rep. 1112, table 2, p. 13, 
"and previous annual issues; 

• From'l901 to 197B, 110,939 deaths 
resulted trom mining accidents. 

Data for 1906-1909 include only Slates 
with complete records ol latal injuries. They 
represent 98% -99% ol the tolal coal produc- 
tion, 1910-1978 data include the entire coal 
industry. 

Underground includes totalities (rom root 
and lace tails, haulage equipment, gas and 
dust explosions, explosives, electricity, 
machinery, pressure bumps and bursts, and 
inrushes ol water or materia). 

Surlace includes fatalities/ at all other work 
locations, including underground mines' sur- 
lace works, strip mines, culm banks, dredges, 
and mechanical-cleaning plants. Beginning in 
' 1955, includes fatalities* auger mines. 

9-19 I 
Natural gas and oillields, 

1970s J 

Energy perspectives 2, U.S. Department ol 
the interior (Washington: USGPO, 1976), p. 

,91 f/na/ environmental statement, proposed 
li^yAarOCSofl and gas tease sate sc/ieduM- 
March 1980-february 1985, U.S. Department 
of the!- •to Bureau ol Land Management 
(WaslWvOn; USGPO, 1980), pp. 40-41. 

9-20 

Natural gas and oil production, 
.1950-1978 

See 9-2. p. 5. 

Data exclude natural gas liquids, 
^-fdala include lease condensate. 



9-21 

Liquified natural gas 
facilities, 1980 

"LNGIacilities located in the United 
Stales," U.S. Department ol Transportation, , 
Office of Operations and Enforcement ' 
(February 1980), 

9-22 

The nuclear fuel cycle 

Based on Annual report to Congress, 1977, 
U.S. Department of Energy, Energy Informa- 
tion Adminislralion {Washington: USGPO, 
1978), v.Two, Executive summary, projec- 
tions of energy supply and demand and their 
impacts, DOEIEIA-003612, p. 192. 

9-23 

Nuclear reactors built, being built, 
or planned, September 1973- 

December 1979 

Program summary report, U.S. Nuclear 
Regulatory Commission (Springfield, Va,: 
National Technical Information Service, 
1980), v. 4, n. l,p. 1-4, and previous monthly 
issues. . 

9-24 

Nuclear reactors, December 1979 

Piogramsurtimry report, U.S. Nuclear, 
riegulatory Commission (Springfield, Va.: , 
National Technical Information Service, 

1980), v. 4. n. 1-4. 
9-25 

Nuclear power generation, 1957-1979 

1957-1978: See 9' 2, p. 135. 
' 1979: Monthly Energy Review, February 
1980, p. 72. 

Data include electric utility plants only. 
'They cover all plants, including those in 
operation and those that have.been shut 
down, Most ol the latter were lest o; proto- 
type units. 



9-26 

Low-level radioactive wastes 
disposed of, 1962-1979 

-Commercial, 1962-1978: "Inventory 
(1962-1978) and projections (to 2000) ol 
shallow land burial of radioactive visles at 
commercial sites: An update," f. 
Holcomb, Nuclear Safety 21:380 (May-June 
1980), 1979: "Inventory ol shallow land 
disposal ol radioactive wastes al commercial 
sites (1962-1979): An update," W.F, 
fHolcomb, U.S. Enwironmenlat Protection 
Agency (Draft, 1980), technical note EPA- 
ORP/TAD-80-6. table 2, p. 5. 

Federal, 1976-1979:1*5. Department of 
Energy, unpublished data. 

It is estimated that by 1985 there will have 
been 1.5-2,7 million cubic meters ol low-level 
wastes generated in the United Stales. 

9-27 

Radioactive waste disposal sites, 1979 . 

Report to (he President by the Interagency 
Review Group on Nuclear. Waste Manage- 
menf, U.S. Department of Energy {Springfield, 
Va ■ National Technical Information Service, 
. 1979). tables 9. 10, 15. pp. 0-12. D-14. D-19. 

High-level wastes include spent fuel (an 
estimated 2,300 metric lonsol heavy melatf 
stored temporarily al nuclear power plants. 

It .is estimated that by 1,985 there will be _ 
258,000 cubic meters of high-level wastes in 
■ the United States, a decrease oM 1,000 ■ 
cubic meters since 1977 as a result ol the 
processing ol the wastes to .reduce their kq-, 

uid content. 

As of December 31 ,.1979, closed sites in- 
cluded: National Lead Co. ol Ohio, Niagara 
Falls NY.; Nuclear Engineering Co., Maxey 
Fiats' Ky and Sheflield, III; Nuclear Fuel Ser- 
vices', Inc., West Valley, N.Y.; and Weldon 
Springs, St, Charles County, Mo. 

There are two disposal sites in Hanlord, 
Wash., one lor Department of Energy high- 
' level and low-level wastes, the other lor com- 
mercial tow-level wastes. ■ 



9-28 ' 
Production of hydropower, 1950-1978 

See 9-2, p. 5, 
9-29 

Geothermal resources, 1970s 

"Geothermal energy and environ- 
ment " US. Department ol Energv (Washing- 
ton, 6.C., 1980), DOE/EV-0088. 

9-30 

production ol electricity 
from geothermal resources, 
1970-1978 

See 9-2, p. 149. ' 
9-31 

Solar collectors manufactured, 
1974-1979 

Solar collector manufacturing activity, July 
I97fl through December 1979, U.S. Depart- 
ment of Energy (Washington; IJSGPO. 1980), 
table 1, p. 2.' 
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Water 
Resources 

Social and industrial development has 
generally followed water s6urces, particu- 
larly rivers, natural harbors, and large 
lakes. Often the flow of water was altered 
in some way to meet a need, but technol- 
ogy was limited and so was success With 
o advanced technology, it is possible to irri- 
gate millions of acres of northern plains 
and western lands with water diverted 
from the rivers of one region to the dry 
afreas of another. Extensive water supplies 
are drawn from ground water storage, 
river flow is controlled by dams and locks, 
weather,is modified to create local precipi- 
tation, and water is desalinated. 

A problem with water is that there is 
often too much or too little "of it- During 
extended droughts, there is usually no 
alternative to reducing use until the supply 
is recharged. But in the long run, the em- 
phasis has been on securing more water. 

As water demands for irrigation, in- 
dustry, energy, and public supplies in- 
crease, competiiion develops among the 
users. One of the most intense conflicts is 
. between offstream uses for economic and 
social growth and instream uses for fish, 
wildlife, and recreation. The growth of 
.these conflicts is not surprising, foi water 
is the most important of all renewable 
resources. All life depends on it. 
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0-1 

he hydrologic cycle 




PRECIPITATION 



•^/oV / /EVAPORATION I \ 

t ^ / ./ 1' i| 




>Water moves in an endless cycle of pre- 
cipitation and evaporation. Precipitation 
takes the form of rain, snow, sleet, and 
hajj. It evaporates, is transpired through 
plants'," seeps into the ground, runs into 
lakes or impoundments, or flows into 
rivers and streams and then to the sea. 
About 30% runs into surface waters, 



waters that largely supply human needs. 
These waters are then fed back into 
streams and lakes, or are returned to the 
atmosphere by evaporation. 

In the end, nothing is lost, although it 
may take a single molecule of water days, 
weeks, years, or millenia to complete the 
■ cycle. 
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Water resource regions, 1975 




Caribbean 



The 3 million miles of rivers and streams, 

78.267 square miles of inland water (small 

lakes/ reservoirs, and ponds of 40 or more 

acres), and 60,878 square miles of the f 

Great Lakes are grouped into 21 regions ■ 

by the Water Resources Council. Each 

contains a major river basin or a series of 

small'fivers and basins. ' „ 
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A. rage annual precipitation, 
1931-1960 




^opinion vanes 
Iron) 30 !o 210 inches 



Although precipitation averages 30 inches 
pe r year, it is very unevenly distribdted. 
■The area east of the Mississippi River/ 
receives the most. It averages 44 incnes , 
per year, the Great. Plains averages 28 
inches, and the area west of the Rockies 
averages only 18 inches per year. 

These figures obscure the wide range' 
> that, exists. There are areas in the Great 
Basin and the Lower 'Colorado regions that 
receive less fian 4 inches per.year, and 
some of the Pacific Northwest receives 
20) inches per year. ML Waialeale, 
•Hawaii, has the world record of 460 . • 
inches per year. Just 15 eiiles to the 
southwest, annual rainfall's less than 30 
'inches. The world averages. : ,j inches; 
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Ths volumes of voter in the porous layers 
of underground rock are known as aqui- 
fers. Much of this ground water is potable, 
; Most of it accumulated over geologic time, 

aud because of its location, it caftR^t be 
,< recharged once it is depleted. Someiis 
renewed by percolation of rain or 



Tuition gallons otawilaHe 
ground Mty in storage 

| n Less than 15 
□ 15-74 , 

S Mote than 374 ^ 
| J paia not available 



In.the aggrega^e„ihere are between 
33.000 trillion and 59,000 trillion gallons of, 
ground water within a half mile of land sur- 
face. Sorm 16,000 trillion gallons arc avail- 
able for extraction, .butonty about 400 
trillion gallons are available on a rep- 
able basis. 

Jhe largest volumes of ground water 
are in the Southeast and Midwest, areas 
.with extensive surface waters., ' ■• 

□ Available ground water can be ex- 
tracted. Total ground water refers lb a 
larger volume, that which theoretically ex- 1 
ists but cannot be extracted because of 
extraction costs, environi .jntai considera- 
tions; current technology, or geologic for- 

mates, 
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Ground water withdrawal, 1975 




Percent of Lota! fresh water 
withdrawals Irom ground water 



□ Bi- 
ll 



41-60 



C~3 2!-«.' . 
20 or less 



Ground water is a major source of fresh 
water for. much of the country: Roughly 
half the population row depends on , 
ground water for flc .estic uk, which in- 
cludes drinking water, 

Some areas o! the West and the High 
Plains rely on groundwater for 69% or 
more of their fresh water * 



rountl water overdraft, 1975 




Cri j<c, iv.l!':r (r.fr/.i1 
d "li'itf p'f toy 



Critical (Rwe {tian 5C 
["'"} Moderate iM) 
No ovxHotan 



Overdraft of ground water occurs when 
water is withdrawn fror ources that can- 
not be renewed or is withdrawn more 
quickly r.an they can be recharged. 
' Of the 106 Water Resources Council 
suctions, the overdraft in 8 is con- , 
side r od critical — that is. more than 500 
million gallons of water are withdrawn per 
day; and in 30, ground water overdraft is 
moderate— 21 to 500 million gallons per 
day. Ground water overd/aft is a serious 
probtem in the High Plains from Nebraska 
to Texas and in parts of Arizona and ,. 

California. 
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10-7 f 
Average streamflow of large rivers, 
1941-1970 
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V»'r : thai does not infiitraie soil anci rock 
and is r.ot retained in surface reservoirs, 
lakes <y underground reservoirs becomes 
streamflow. Seventy-five percent of the 
flow tnat reaches an ocean or crosses 
U.S. boundaries is delivered by 11 rivers 
' cr river systems. 

The Micsnippi is by far the largest, 
Almost 650.0CO cubic feet ol water pass 
out of the Mississippi River into tteGulf of 
Mexico each second, an amount that is 
equal to 419 biilion gallons per day. The 
Mississippi receives the flow of seven 
other large rivers, the Illinois, Missouri, 
Oho, Tennessee, White, Arkansas, and 
Red, and in ; iie process drains 40% ol the 
land area of the conterminous States. 

Total streamftow in the Tower 48 States 
is 1.86 million cubic feet per second. 
Alaska, Hawaii, and Puerto Rico raise the 
total to 2.78 million cubic feet per second. ' 
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Inadequate s-jrtace waler supply for 
inst'cam use. 1975 
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Sl]b(0 g l0 r Mth inadecuaie strerllow 
p| jo c o orjiO'e depleted m average year 
F~] 70 r b or r-i^Mj depleted m dry year 
Less than W>. oepieied 



Increased demand is causing sig'ftant 
ccnpetitic^ ?.mong major users °' ws ' sr - 
Ske^iov. iof!hel06subregcnsis 
inadequa'e to wpport navigation, hydro 
power, recreation, ftsn, wildlife, and other 
instream uses in an average year, made- 
q-gte rreans that 70% or more of the 
water is consumed otistream during a 
given year, In a dry year, nine more sub- 
:*gions are in the ?0% or more depletion 

category. < 
There are frequent conilicts between 

water stored lor hydropower operations 
and the .minimum flow needed below the 
impoundments for fish and wildlife habitat 
and ^creation. A potential conflict in 
some western States is the use of w ater 
for irrigation and for the extraction and 
transport ofoal and oil shale. 
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Flooding problems. 1975 
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Roods occur when a stream. \ or bay 
car. no or.ce r conte i tne wa^r within its 
rau«ra ; 'J a ;:al banks. 

Excessive runol- trom snowmell. n<n, oi 
a cc.TDinaifOn ol t r <e two causes mosi oi 
The spring f, ;r > the northern States. 
Thunderstorm jily m summer, pose a 
-.meet to srr.GC-wa:ershecS throughout the 
country. Hurricanes and accompanying . 
tidal flooding endanger Gulf and Atlantic 
- coastal areas. 

Periodic flooding aiieoU many «reas. 
1 Extreme problems are found along tne 
Nortii i CiroSia coasi, in the greater New 
* York meircpohtan area, and .npans o- ;ne f 
CzarKS and t n .e Lower^Mississippi basin. - 
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Water use, 1900-1975 . 



Billion gallons per clay 
1,000 r 



Withdrawal 



Two measures of water use are wijh- 
drawal and consumption. Water is with- 
j drawn when it is tafcen from a ground or 
| surface source and is conveyed to the 
. ;pjace of use. Water is consumed when it 
is no longer availably for use because it 
has tfeen removed from available supplies 
by evaporation, by transpiration, or by use 
in agriculture, manufacturing, or as food. 

Water withdrawals for all purposes i 
1975 averaged about 420 billion gallons 
per clay — roughly 1 ,900 gallons of water - 
per person per day. Less than a fourth of. 
It was consumed. The remainder was 
returned to surface waters. ( 

Withdrawals liave increased 10-fold 
since 1900. The increase is a result partly 
o! a growing population but, more impor- 
tant, of irrigation, industrial production, 
energy development, and water-intensive 
home appliances. . ■ " 



Consumption 
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Water withdrawal, by use, 1950-1975 0 



Biilion 
gate 
oer day 




v# A«en 1965 afti i';7: was for ttsm;C' 
e*c!ric power. Trtt r- r&y uses fern 
;;aiy and, ircrea-J ? y, often, salt wat « 
JG"/ vjndenser anc ; i;if;toi cooSii»g." A lfcy« 
' j'S'.: ot the increa;/ - ^rtaiariy ft Cafcfe 
'■a arid Nebraska ; f rom ground wttei. 
: ttMawais^ ip.tjafai. rural 
ccwjstic uses, ajtfpubiic ;>^pies in-, 
erased about 8% -Lhs ine d&acfc; b- 
ci-fi!7ial use deci;^- atot 4%. 
>< ■ The rate of waif? wte*al is higte fc. 
. 3?6 West then in tf# i^-v-wJ is rrig®' 
the dependable afttyisBriM 
Steam electric utilities y-^ter resource recfrvtte * 

ta&Gulf, Missou^ /^{Jvflfe 

Overall, wit^ra i, '"' ,, >ri ^Jiad'to in- 
crease, but not at .te^e f - e 3te as in 
> the past Hie rate of irue^ivS 

ircrti 1970 to 197lU'4 jiMvlfci ^ /■; 
;^7G- and ^^.^^vi^a;- j 
' Me past, ihM^^^yk \ 
withdraw water tor indi ' : -Vv* ■/■ v : 
4 ' uses, add wastes, and; iwr&i'&b-t 

Public water-supplies water to rkrs andWnjs. Wat^ ^,; 

laws now require moc , f jdustneJ and 
municipalities to meet k\ standards. Many 
industries are finding it >^asier and "cheaper 
to "recycle water in their plants, thus 
' ; decreasing the volume withdrawn. <> 

Rural domestic 
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Water consumption, by use, 1950-1975 
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Water consumption increased about 25% 
between 1965 and 1975. Most of the in- 
crease came in agriculture as new lands 
were irrigated for the first time. By the 
mid-1970s, forty-one million acres of croo- 
land were Irrigated. Consumptig&for in- 
dustrial uses has also increase?? as more 
industries recycle cooling and proc?*" ; -Vjg 
water. 

The western States consume 'more than 
12 times more water per capita than the 
easternjegions, largely because of irri- 
gation. 

Consumption exceeded supplies during 
the 1970s in the Rio Grande and Lower- 
Colorado regions. They imported water 
from other basins storing itjn Lake 
Meade, Lake Pov/eil, and other large 
reservoirs. „ 

Steam electric generation requires large 
amounts of fresh water but consumes only 
2% of what is withdrawn. The 15-year in- 
crease in consumption is a function of 
greater evaporation which results from 
higher temperatures in ceding water. • , 
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Water withdrawal and consumption 

in the Pacific Northwest 

and California regions, 1960-1975 



National trends in water supply anck Water supplies are abundant in western 
demand hide important regional differ- Washington and Oregon. Erst of the Cas- 
ences. A brief took at the individual regions cSdes where precipitation is less than in 
show where important water supply and ' ine West, there are seasonal water short- 

tlood problems are or mav^xur ages. Irrigation is. the primar y offstrea ro 

user of water, 



\ 



'V- 



The major problems with surface water 
supply in this region are seasonal; for 
example, irrigation demands conflict with 
the streamflow needs of the salmon' *\ ^ 

fisheries. V 

In California, water supplies and popu- 
lation densities are inversely related. The' 
areas of high annual precipitation, up to 
100 inches or more, are in the North and 
the mountains; primary demand for water ■ 
for agriculture and urban development is 
in the central valley and southern coastal 
areas, where precipitation is about 10 
inches per year. The discrepancies be- 
tween supply and demand have been mini- 
mized by the massive reservoir storage 

capacity and conveyance facilities, which ^ p 

are used tor irrigation and for domestic ^ ao ' ; ^ 



and industrial supplies. Some of it is from 
the Colorado River. In addition, ground 
water is lapped 'for irrigation and domestic 
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Colorado River is the We blood of the 
Southwest, it is the most physically devel- 
oped and controlled r iver in the Nation. 
Half the population of the western States 
depends at ieast in part on water supplied 
by the Colorado River.. 

* Current use exceeds available renewa- 
. "bte supplies, a. id the difference is beipg 

made up by t overdraft of ground water, prn 

• marily from aquifers^ central Arizona and 
southern Nev^Rty-s'x percent of the ■ 
water withdrawn in the Lower Colorado 
'region is ground water; nail of it is over 

' draft (2,415 million gallons per day). This 
area has always been short of surface 
water, Now ground water is also'becoming 
inadequate. 

The largest use of water islor irrigation. 
Almost half the irrigated land in the Lower 
Colorado region depends entirely on 
ground water 

The Colorado River inadequate to 
meet regional agricuitufal, industrial and 
municipal requirements. Future demands 
for water will have to be balanced with 
conservation or reductions in uses some*, 
where because available ground water is 
hRir.f ' plete One ol the most important 
.;v,iii L for the mining and proc : 
o*ir.y of coal and oil shale /The extent- , 
and timing of such needs are uncertain, 
but conflicts may be particularly intense in 
the Upper Colorado region, ^ 

, Risk of flooding is Decoming a serious 
problem because new communities are 
often built on flood plains, 



The Great Bas n is a hydrologically 
ciosed system-thai is, all rivers 
streams end in terminal lakes or sinks.- 
Irrigation is the largest user oi .water.-' 
Because available u\& is not sufficient to 
meet the^eeus in many areas, it is 
"Coined from other basin?., For most f 
development located away from the moun- 
tains, groundwater supplies are sufficient 
Flooding is occasionally serious, 
particularly in areas of rapid population 
'growth. 
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10-15 

Water withdrawal and consumption 
in the Missouri, Arkansas-White- 
Red, Rio Grande, and Texas-Gulf " 
regions, 1960-1975 

AH the* rivers in the Northern and Southern 
Plains drain into the Mississippi River or 
the Gulf of Mexico. Limited water supplies 
depend heavily on precipitation, and 
streamflow in turn dep- nds on ground 
water seepage because there is relatively 
little natural surface water. 

" • The primary use of water is for irriga- 
tion, with consumption for irrigation 
increasing steadily in the Missouri ana 
Arkansas basink The Oc,ai!a!a Formation, 
a" large aquifer system in the Great Plains,, 

1 and Central Lowlands, is being pumped to 
irrigate 13.1 million acres ot farmland in 
Colorado. Kansas. Nebraska. New Mexico. 
Oklahoma, and Tevns. 

Ground water resources are pemg 
rapidly depleted by the overdraft for irriga- 
tion, !o the Arkansas-White-Red 'region, for 
example. 62% of ground water withdrawal 
is overdraft. If overdrawing continues at 
current rates, available ground water will 
be virtually exhausted in 30 to 50 years. 

in the Rio Grande region existing sur- 
face ,vater is completely, appropriated by 
current demands. Any new demands by 
an increasing population may have to be 

c met at the expense of irrigation, the 
largest consumer. 

Irrigated cropland is not the only con-, 
tender for ground water. Rapid population 
growth and new industry are adding to the 
demand, particularly in the Texas-Gulf 
region. 
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Water withdrawal and consumption 
n the Souris-Red:Rainy, Upper 
Mississippi, and Lower Mississippi 
egions, 1960-1975 



in 



Surface waters of the Souns-Red-Rainy 
egion flow north to Hudson Bay. Water 
-esources are relatively abundant in 
Eastern Minnesota, but during periods of ■' 
jrought in North Dakota, supplies are . 
limited. Major uses are in manufacturing 
and irrigation. 

* The water supply in the Mississippi 
regions is sufficient for- both jnstream and 
offstream uses. All along the Mississippi, 
mdjor withdrawals are made for steam 
electric generation., In the Lower Missis- 
sippi basin, the amount of water con- 
sumed in irrigation has increased rapidly in 
recent years. 

VVitti so much water, the major problem, 
along the Mississippi is flooding. Roughly 
half the area'in the three regions is sub- 
ject to floods, and one of the most fre- 
quently and severely flooded areas'is near 
Memphis. - 
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Water withdrawal and consumption in 
the Great Lakes, Ohio, and Tennessee 
regions, 1960-1975 



Like the regions bQ/tfeTTn^the Atlantic, the 
Great Lakes region and the areas 

. immediately west of the Appalachians 
generally have ample water resources. 
Both surface and ground waters are abun- 
dant, except for serious ground water 
depletion in local areas of northern 
Michigan and Wisconsin and in parts of 

• Minnesota. — 

Water is withdrawn primarily for steam- • 
electric generation and manufacturing. 

/ Major instream uses are navigation on the 
Gflat Lakes and the Ohio River and fiydro- 

^ffewer, navigation, and recreation on the 
Tennessee River. 

Flooding is serious in all three regions 
but is particularly severe in the head- 
waters of the Tennessee River, where the 
rugged terrain encourages building in the 
flood plains.. By far the most serious water 
problem in the region is water quality. 
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Water withdrawal and consumption 
in the New England; Mid-Atlantic, 
and South Atlantic-Gulf regions, 
1960 -1975 

Water is generally abundant along the 
Atlantic coast. Supply problems exist in . 
urban coastal areas of Massachusetts and 
Connecticut and in the metropolitan areas 
of New York City and northern- New 
Jersey because of domestic, steam elec- 
tric, and industrial demands. In the 
southern coastal areas where intrusion of 
saline ground water limits ground water 
withdrawals^some types of development 
are also limited. 

In the,Neyv England a nd^ Mid-Atlantic 
regions, the largest withdrawable for v 
industry and steam electric plants- In the 
South Atlantic-Gulf region, the paper and . 
pulp industry is responsible for the large 
withdrawals. 

Irrthe New England and Mid-Atlantic 
regions, flooding is a major problem, with 
substantial risk to life and property as a 
result of extensive residential and com- 
mercial development in flood plain areas. 
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Water withdrawal and consumption 
in Alaska,, Hawaii, ? 
and Caribbean regions, 1960-1975 

A third of the Nation's (resh yyater is in 
Alaska. The primary orfstream use is for 
manufacturing and mining. Instrean uses 
include sport and commercial fishing and 
maintenance of extensive wetland wildlife 
habitat; 

Rainfall in Hawaii is able to supply most 
foreseeable water needs. The primary off- 
.stream use of water- is for irrigation.^ 

Water supplies are ample in Puerto^ 
Rico but are severely limited in the Virgin 
Islands because of low rainfall and the 
mountainous terrain. Irrigation is the 
largest user. *'. 





Billion gallons per day 



100 



10. 



0 1 : 



0.01 



0.001 



0.0001 



Alaska 



Withdrawal 




Consumption 



Billion gallons per day 
50 °£ Hawaii 



10 



0.1 



0.01 



0.001 : 



-0.0001 



Withdrawal 



Consumption 



Billion gallons per day 
1 J0 ^ Caribbean 



10 



0 1 



0.01 



0.001 



1960 1965 1970 1975 1960 1965 '1970 1975 



0.0001 



Withdrawal 



Consumption* 



1960 . 1965 1970 1975- 



ERLC 



Sources and technical notes 
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Vi/l'iViiMvjo ii niiij-iO/Uspoiioci 'iitoltv.ii 
K, ihr >i/ah: yt\n.!l islfvta period It- 
IWb :ii'ki ;;IH)0 pactions tor the Second 
fWioiiiilW.ilnr AssiKismcnl by the Water 
Iii\,Oijm:w Council 

10-1 

The hvdrologjc cycle 

A&ioiejl M Where we gel ourlw^r 
Fri' w):uan to sky to land to ocean,*' W C 
Actei'nan. L A. Coleman, and H. 0. Oyr -jsky. 
in "'Water." fte ywiOook ol agwultwe 
f955, U S. Deparlmenl ol Agriculture (Wash- 
•nglon USGPO. 1955). M2 

10-2 

Water resource regions, 1975 

too n<f//on"^i wa/cr rtOTCes, 1975-2000, 
U.S. Water Resouircs Council (Washington: 
USGPO. 13/8), v. I. summary, p. 5. 

The United Stales p divided into 2t Hydro- 
logic regions, each with a major river basin 
or a series ol smaller river basins. Tbese 
legions aie divided into 106 assessment sub- 
regions and 222 planning su&regions. Foi 
fiacn region, approximate county areas are 
designated lor comparison of demand and 
1 use data with supply data. 

Inlanu «:!er surlacss include lakes, reser- 
voirs, andjMs having 40 acres or more 
area; streams, sloughs, estuaries, and canals 
onc-eighlh ol a statute mile or more in width; 
and deeply indented embaymenis and sounds 
ami other constat -waters behind or shollered 
by headlands or isBndssnpaiated by less 
than 40 acres ol area 

10-3 

Average annual precipitation, 
1931-1960. 

See 102, p. 16 

The world average includes 26 inches ol 
tarn and 9 inches ol snow, sleet, of hail. 



10-5 

Ground water withdrawal, 1975 

•'Anrtijj/ ;vdtof ar/r-\/Wicy df^/^/s." U.S. 
Water Resources Council, unpublished com- 1 
puler printout. AuqnMlO/O.'preDared lor the 

Wilier Resoura Council Second Nai'^l 
Water A- lossmenl, IM* L\ \i 



10*6 

Ground water overdraft, 1915 
See 10-4. f 

10-7 

Average streamflow of large rivers, 
1941-1970 

Large tiws o/Jhe United States, K. T. Iser! 
and W. B.iangbein, U.S. Geological Survey 
(Washington; USGPO, 1975), circ. 686; p. 4, 

1M 

Inadequate surface water supply 
for instream use, 1975 ~> 

Ihe nation's water resources, W5-2WQ> 
U.S. Wafy Resources Council (Washington 
USGPO,' 1978), v, 2 (water quantity, quality, 
and related land considerations), part II, 
(waler-management problem profiles), table 
11:7, pp. 138-147. 

10-9 

Flooding problems, 1975 

Estated flood damages, U.S. Waler ■ 
Resources Council (Washington: USGPO, 
1&77), appendix B, nationwide analysis report, 
p. 13. 1 

Degreed seve-:- is based on dollar 
losses and damages— current, projected, 
percent mcrease'projecled between 1975 
and 2000, per perscn, per earnings, per unit 
area, and cropland losses— and on the num- 
ber ol places in a subregion with Hooding 
problems. 



1010 

Waler use, 1900-1975 

Withdrawals, 1900-1970, arxkonsumplion, 
1960-1970. miet policies tot the toe, 
National Waler Commission (Port Washing' 
ton, N.Y.: Water Information Center, Inc.. 
1973), p 7. 

Withdrawals and consumption, 1975: FsN 
mated use ot water in ifie Med Slates in 
1975, U.S. Geological Survey (Washington: 
USGPO, 1977), circ. 765, p. 10. 

It water is returned to a surface waler 
source and is'again withdrawn, it is again 
counted in total withdrawals. 

10-11 

Water withdrawal, by use, 1950-19T5 

, 1950-1970: Estmled use ot waler in the „ 
United Slates in 1970, U.S. Geological Survey 
(Washington; USGPO, 1972), circ, 676, p. 10. 

1975; Estimated use of water in the Med 
States in 1975, U.S. Geological Survey : 
(Washington: USGPO, 1977), circ. 765, p. 10. 

10-12 . • ■ 

Water consumption, by use, 1960-1975 . 

I960: Estimated use ol waler in the United 
Stales, J960. U.S. Geological Survey {Wash- ■ 
ington: USGPO, 1961), circ. 456, tables 1.3. 
5, 7„9. 15. pp. 13, 15, 17, 19. 21. 24. ' 

I965;f si/maierf use ol waler in foe Mod 
Stares. 1965 (Washington: USGPO, 1968), 
circ. 556, tables 5, 8,11,14,17,26, pp.17, 
22, 26, 33, 39, 47. s 

1970: Estimated use ol waler in the United 
States in 1970 (Washington: USGPO, 1972), ■ 
'circ. 676, tables 5, 6,7,8, 9; 10, pp. 19, 21, 
23, 25, 27, 29. 

1975: Estimated use ot inter ft the (MM 
States in 1975 (Washington: USGPO, 1977), 
circ. 765, tables 5, 6, 7, 8, 9. 10, pp. 21, 23, 
25,27,29,31. 



10-13 through 10-19 

Water withdrawal and consumption, 

by region, 1960-1975 

1960: Estimated use ol water in the United 
States, i960, U.S. Geological Survey (Wash- 
ington: USGPO, 1961), ciic.456.nX 

V365: Estimated use ot watw in. 'he Med 
Stam%5 (Washington: USGPO, 1968), 
Circ. 556, pp. 48, 49. 

1S70: Estimated use ol water in the United 
StaH in 1510 (Washington: USGPO, 1972), 
etc 676, pp: 28, 36. 

%75: Estimated us: ot water in the United 
S'.ates in 1975 (Washington: USGPO, 1977), . 
circ. 7fe, p. 38. • 

For additional discussion ol waler resources 
see the 21 regional reports xrftie nation's j 
water resources, 1975-2000, U.S. Water I 
Resources Council (Washington: USGPO, 
1978), v. i 



.10-4 

Available ground water, 1975 

Jhe nation's water resources. 1975-2 
U.S./Waler Resources Council, (Washington; 
USGPO, 1978), v. 3 (analytic data), appendix 
II o :er supply and use analysis), 
i;ERIC23-26 
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Chapter 1 1 



Water Quality 

Ideally, water quality wouid be measured 
in terms of its impacts on all living sys- 
^ terns, human and other. But because 
measuring the functions of biological 
-systems is difficult, water quality is 
described -by the extent to which lakes, 
rivers, anct streams can physically, biologi- 
cally, and chemically support aquatic life 
and meet the standards recommended for 
human use. 

Efforts to keep water clean or to restore 
it to a healthy state center on controlling 
the amounts and kinds of materials that * 
are dumped or washed into waterways*" 
the ground, and the air. Water- quality of 
"rivers, lakes, and oceans depends upon 
their individual capacity to handle a given • 
pollutant. In Wrn, the capacity varies with 
the type and amount of the pollutant; water 
temperature, flow, and sediment; and 
mineral content. 

Under Federal law, the Government is 
directed to "restore and maintain the 
chemical, physical, and biological integrity 
of the Nation's waters" — to eliminate the 
discharge of pollutants by 1985; to main- 
tain water quality that protects fish, shell- 
fish, and wildlife, and provides for recrea- 
tional use by 1983: and to prohibit the 
discharge of toxic substances in amounts 
that are toxic to humans and wildlife. 

Control of pollutants discharged directly 
from industrial and municipal sources 
(point sources) into waterways is progress- 
ing, but little progress has been made in 
'the kinds and amounts of materials that 
en!er waterways from erosion, urban run- 
off, and many other general sources (non- 
point sources). 
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11-iV 

Sources and effects • 
of water pollutants * 

Wastes thardegrade,water quality, range 
from the primarily organic disease-carrying 
agents in human and animal wastes to 
inorganic materials and minerals to radio- 
active materials and heat. All can seriously 
degrade the quality of water, can harm 
aquatic lite, and can limit recreatipnal and 
other uses. ' 



Based on "The future of 'har Nation's 
waters," W.O. Pipes (Drexel University,- 
1.976), table 2; Environments Quality— 
1979, Council on Environmt ntal Quality 
(Washington: USGPO, 1979), and previous 
annual reports. 
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Wastewater sources 



■Water quality 
metres 



Effects cn 
wale' qua ! ::y 



Effects on 
aquatic life 



Effects on 
recreation 



Disease-carrying agents- 
nuiTian feces, -warm-blooded 
animal feces 



Municipal discharges. ' '*cal coljtorm, iecai 
watercrafl Discharges, urban .:reptococcus, othet 
runoff, agricol!ur2i i rurioif, microbes 
feediot wastes, combined 
sewer overflows, notislriaL ■ 
Discharges 



Health tazara for 
human consumption and 
contact k 



Oxygen-demanding wastes- 
hign concentrations 
biodegradable orgar. 



Municipal discharges, 
industrial' discharges, 
mailer combined sewer overflow* 
watercrafl discharges, 
urban runoff, agricultural 
unotl, fe-vJIot wastes, 
natural sources 



Suspended organic ar.d 
inorganic material 



Inorgavo materials: 
miner ji substances- 
metal, salts, acids, 
solid matter, otner 
chemicals, oil 



Synthetic organic chemicals- 
dissolved organ c material, 
e g., detergents, nousenold 
aids, pesticides 



Nutrienjs- tiilrogen, 
pnosphorus 



Radioactive materials 



Heat 



Biochemical oxygen demand, ■ Deoxygenation. potential for 
dissolved oxygen, volatile socio conditions 
solids, sjilides ' 



i 



Mining discharges, municipal Suspended solids turbidity, Educed light penetration, 



discharges, industrial 
discharges, construction 
ruqoff agricultural runofl, 
urban runoff, silvicultural 
runofl natural sources, 
combined sewer overflows 

Lining discharges, acid rr-me 
drainage, industrial 
discharges, mumcipa 
discharges, combined :er 
overflows, urban rune 
fields, agricultural rune- - 
irrigation return flow, natural 
sources, cooling tower 
biowdown, transportation 
spills, coal gasification 

Industrial discharges, uroan 
runoff, municipal discharges, 
combined sewer overflow, 
agricultural runoff, silvicultural 
runolf, transportation spills, 
mining discharges 

Municipal discharges „ 
agricultural runoff, combined 
sewer overflows, industrial 
discharges, ifrban runoff, 
natural sources 



biochemical oxygen' demand, deposition on bottom, 
sulfides ' ' oenthic deoxygenation 



oH, acidity, aikalmity, 
dissolved solids, chlorides, _ 
sulfates, sodium, specific '' 
metals, toxicity bioassay. 
visual (oil spills) 



Acidity, sanation, tonicity 
pf heavy metals, tat ng oils 



Cyan:des. phenols, toxicity 
bioassay 



%ogen, phosphorus 



Industrial discharges, 
mining 

Cooling 'water discharges, 
industrial discharges, 
municipal discharges, 
cooling lower blowdown 



t Radioactivity 



Temperature 



Toxicity o! natural organics. 
biodegradable or persistent 
synthetic organics 



Increased algal growth, 
dissolved oxygen reduction 



Increased radioactivity. 



increased temperature, 
reduced capacity to absorb 
oxygen 



Inedibility of l shefeh for 
numans 



Reduced ccniasiMecreatoi 



Fish 



If severe, eliminated 
recreation 



Reduced photosynthesis, 
changed bottom organism 
population, reduced fish 
production, reduced sport 
!i5h population, increased 
nop sport fish population 



Reduced biological 
productivity, reduced flow, 
fish kills, reduced production, 
tainted lish 



Reduced game fishing, 
aesthetic appreciation 



Fish kills, tainted fish, 
recced reproduction, 
skeletal dftvi'logmenl 



Increased production, 
reduced sport fish 
population, increased 
non-sport fish 
copulation 

Altered natural rate of 
genetic mutation. -J;. 

• Fish kills, altered species 
composition 



Reduced 'ideational use, 
fishma aesthetic appreciation 



Reduced fishing, inedible fish 
for humans 



Tainted drinking water, 
reduced fishing and 
aesthelic appreciation 



Reduced opportunities 



Possible increased sport 
fishing by exiended season 
for fish which miqht otherwise 
migrate 



and 



ns 



miles of rivers and 
3 United States have 
venient dumping ground 
and municipal wastes and 
al catchall for land runoff, 
leanup efforts by govern- 
ustry. then, focus on rivers 
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Fecal coliform bacteria, 
average annual violation rates, 
1975-1979 
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One measure of water quality is lecaj, 
coliform bacteria, which indicates the 
presence of untreated fecal matter from 
humans and other warm-blooded ani- 
mals. Fecal coliform bacteria are not- , 
generally harmful, but they indicate 
the possible presence *of infectious 
microorganisms that cause typhoid 
fever, viral hepatitis, kJberculosfe, and 
encephalitis. 



The threshold level for fecal coliform 
bacteria set to protect human health in 
waters used for swimming is 200 cells 
per 100 milliliters of water. The average 
annual violation rate in 1979 vyas 
35%— that is, in 35% of all measure- 
ments taken, fecal coliform levels 
.exceeded the nationally recommended 
level. . ■ * 
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Fecal coliform bacteria 
in US. waters, 1978 



There were two water basins with high 
fecal coliform violation rates from 1975 
to 1978 — the Ohio, with 4 of its 21 < 
accounting uniis at 90% or above, and 
the Missouri, with 3 of its 45 account- 
ing.units at 100% violation. % 
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Fecal coliform bacteria 
in major rivers, 1965-1978 

In many large rivers, fecal coliform 
bacteria levels are declining. The' Willa- 
mette and Red rivers have shown the 
most improvement. Violations for the 
Mississippi Missouri, Hudson, and 
Susquehanna continue above 50%. 
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Dissolved oxygen, 

average annual violation rates, 

1975-1879 
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Dissolved oxygen inlJ.S. waters, 1978 




Of 326 (out of 358) accounting units 
•eporSng in 1978. 253—78 % ^-reported 
r,o violation of the dissolved oxygen w ' 
!erion, Only 10 reported violation rates 
more often than 20% of the time. How- 
ever, too areas were consistently at very 
high levels from 1975 to 1978 — the New 
River on the California-Mexico border, with 
violation rates of nearly 100%, and the 
Ksssimmee River and canal system in 
southern Florida, with violation rates of 
30% to 40%. .. 
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Dissolved oxygen In major rivers, 
1966-1978 - . 



Violation of the dissolved oxygen standard 
is relatively rare in major rivers. The 
Hudson and Delaware have shown the . 
most improvement of those studied, 
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Total phosphorus, 

average annual violation rates, 

1975-1979 
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Phosphorus violation rates of 100% are 
common in the central Stales because ol ' 
agricultural runoff, detergent .use, erodible 
soils, and human waste, Highest violation 
rates are in the Mississippi River, its major 
tributaries, and the Missouri River. 
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Total phosphorus In major rivers, 
1966-1978 



The number ol phosphorus violations has 
declined substantially in 7 of 11 major 
rivers lor. which sufficient data were avail- 
able. Two rivers showing no substantial 
improvement are the Mississippi and the 
Susquehanna. Violation rates lor the 
Tennessee and the Columbia have not 
exceeded 20% in recent years. 
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Heavy metals, 1975-1978 
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Almost all me Stales report water quality 
problems from toxic substances, Often only 
a small portion of the river or stream is 
affected, The most common .problem 

reported is that of metals. 

Heavy metals are concentrated in rivers 
as runoff leaches minerals from the soil. 
Mining, industrial discharges, combiped 
sewer overflow, urban runoff, and solid waste 
disposal increase their concentrations. 

Heavy metals are not completely re- 
moved by common wastewater treatment. 
As a result, they build up in water bodies, . 
concentrate in the sediments, and are bio. 
accumulated in higher animals in the food 
chain. They contaminate the ground Water 
Short-term high concentrations or long- 
term low dosages can cause serious ill- 
ness or death to aquatic and human life. 



■ Mercury is widely distributed in the 
environment, wiih mining, agricultural, and 
power plant waste discharges adding to 
natural occurrences. There are few viola- 
tions of recommended levels; only 40 (out 
of 350) accounting units reported viola- 
tions between 1975 and 1978, most of 
them one-time violations. 
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Compounds of arsenic are also widely 
distributed in nature, with additions to 

waterways from industrial processes, 

herbicides, and other manmade 'sources. 
Most violations of the criterion were in the 
West. 
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lead 




ir -quamiiies-of lead are emitted by auto- k 

mobiles, The highest concentrations are ' 
^ principally in the Southwest, where lead 
• f occurs naturally. 
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Phenols in the upper Ohio River 
basin, 1958-1976 
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Phenols are synthetic organic compounds 
used in oil refineries and in the chemical 
and lion and steel industries. They gener- 
ally indicate the presence of industrial 
water pollution. 



. The upper Ohio River, with its aggrega- 
tion of heavy industry, is monitored for 
phenol pollution. Phenol concentrations 
here are improving because of industrial 
waste treatment and acid mine drainage . 
control. Less acid water supports more ' 
microorganisms which can break down 
phenols. 



Some areas df the" river basin, such as * 
along the Mahoning, have shown little or 
no improvement. Annual violation rates 
remained at nearly 100% there from 196€ 
to 1976. 



ERLC 



Pollutant: 
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•,436,596 




1,707,594 
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Point source discharges to water, 
by sector, 1977 



Municipal sewage facilities are the prin- 
cipal point source pollutors to waterways. 
Other major dischargers are the organic 
chemical industry, agricultural feedlots, 
powerplants, and pulp and paper mills. 



Total suspended solids 




Million 


Sector 


pounds 




per year 


Municipal sewage plants 


850.0 


Powerplants " 


1.165.7 


Pulp & paper mills- 


781.8 


Feedlots 


422.0 


Iron & steel mills 


254.3 


Organic chemicals 


144.0 


Mr,c. food & beverages 


y i .y 


Textiles 


61.7 


Mineral mining 


52.7 


v>.c*foods 


50.0 


Total, top 10 




sectors 


6.874.1 


Total, all sectors 


13,746.0 


Top 10 sectors 




as percent of all sectors 


50% 





Total dissolved solids 



Million 

Sector pounds 
pej year 



Organic chemicals 36.540.4 



Municipal sewage plants 30.255.2 



r \j vv c i |jioi 1 1 o 


1 8.41 8.1 


Pulp & paper mills 


16.825.8 


Misc. chemicals 


8.176.4 


Misc. food & beverages 


7.420.2 


Oil & gas extraction 


£ .077.0 


Petroleum refining 


2.389.8 


Coal mining 


1.328.7 


Iron & steel mills 


1.324.0 


Total, top 10 




sectors 


128,755.6 


Total, all sectors 


170,759.0. 


Top 10 sectors 




as percent of all sectors" 75% 
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Biochemical oxygen demand 


Nitrogen 




Phosphorus 




Dissolved heavy metals 




'n : 

Sector 


Million 
pounos 
per year 


Sector 


Million 
pounds 
per year 


Sector 


Million 
pounds 
per year 


Sector 


Million 
pounds 
per year 


Municipal sewage plants 


3,800.0 


Municipal sewage plants 


813.5 


Municipal sewage plants 


73.9 


Powerplants 


24.4 


Pulp & paper mslls 


530.2 


Pharmaceuticals 


87.6 


Feediots 


21.8 


Municipal sewage plants 


. ff.3 


Organic chemicals 


107.6 


Organic chemicals 


41.1 


Misc, food & beverages 


4.7 


Iron & sleel mills 


7.6 


Feediots 


95.9 


Feediots 


39.9 


Meat packing 


3.4 


Petroleum refining 


6.0 


Seafoods 


86.9 


Meat packing 


,36.0 


Laundries 


3.3 


Organic chemicals 


3.6 


Misc. lood & beverages 


54.8 


., Petroleum retining 


15.5 


Fertilizers 


2.6 


Ore mining 


2.5 


Cane sugar milis 


50.4 


Misc. food & beverages 


12.3 


Petroleum refining 


1.5 


Electroplating 


0.5 


Iron & steel mills 


37.8 


Seafoods' 


9 5 


Seafoods 


1.4 


Machinery 


0.5 


Misc. chemicals 


35.2 


Pesticides 


8.9 


Organic chemicals 


1.4 


Oil & gas extraction 


0.4 


Textiles 


' 24.8- 


Leather tanning 


7.1 


Poultry 


1.2 


Foundries 

i 


0.1 


loiai, top id 
sectors 


4,823.6 


Total, topdO 
sectors 


1,071 .4 


Total, top 10 
sectors 


1 15.2 


Total, top 10 


54.9 


Total, all sectors 


6,944.0 


Total, all sectors 


1,237.0 


Total, all sectors 


191.0 


Total, all sectors 


59.0 


Top 10 sectors 

as percent of all sectors 


69% 


Top 10 sectors 

as percent of all sectors 


87% 


Top 10 sectors 

as percent of all sectors 


60% 


Top 10 sectors 

as percent of all sectors 


93% 
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Population served by municipal 

wastewater systems, 

by level of treatment, 1960-1978 

Seventy perc':. ! of the population has 
sewer service, and almost aSi — 99% — of 
the sewered wastes receive treatment of 
some kind. 

There are three main levels of municipal 
wastewater treatment — primary, second- 
ary, and tertiary. 

Primary treatment usually involves the 
physical separation of particulate matter 
from raw sewage by settling out the . 
heavier solids arv* skimming off the lighter 
ones. This process removes hefween 20% 
and 35% of what is known as biochemical 
oxygen demand, one measu> ; c' oxidiz- 
able matter in water. Advanced primary 
treatment can involve the use of lagoon 
systems and other methods of treatment 
to further reduce biochemical c^ygen 
demand and the amount of suspended 
solids. 



In secondary treatment, biological 
degradation is usually employed to reduce 
biochemical oxygen demand and remove 
total suspeMed solids by 85% or more. 

Tertiary treatment commonly uses- 
chemical and prtysical means to remove 
nutrients (phosphorus and nitrogen) and 
other contaminants such as to::ic sub- 
stances that remain after secondary 
treatment. 
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: ecal coliform bacteria, 
tverage annual violation rates, 
975-1979 

Cojic on Environmental Quality, 
.vas'" - jion. D C UPGRADE analysis ct ' 
n e U S Geological Survey National 
3*rf ,im Quality Accounting Network 
NASQAN) data NASQAN data are published 
Of each State oy the U.S Geological Survey 
n Water resources data fr.r [State]. 197[ ] 
\a:er year. 

The 1975 data tor all States and all 
NASQAN stations are printed in Quality of 
rivers m the United States, 1975 water year- 
cased on tne National Stream Quality Ac- 
co:;'-.v- } Notwork (NASQAN), U.S. Geological 
Sut'.vy iReston. Va., 1977). open file rep. 
7 ; -> 200 The 1976 data are expected to be 
published m 1981. 

Fee- 1 coiiform (FC). dissolved Oxygen (DO 
pncspnorus. and metals data a r e from ap- 
proximately 470 NASQAN stations in 350 
nydroiogtcaily based accounting units. 
NASQAN is considered uniform because the 
same pollutants are m<2asi\red at all stations 
under standardized conditions of collection, 
frequency, and analytical methods. FC, DO. 
'it-sd phosphorus are measured monthly and 
metals are measured quarterly, weather and 
other conditions permitting. 

Years refer to water years. A water year 
begins m October and "-nds in September; for 
example. 1975-1979, begins tn October 1974 . 
and ends in September 1979. 

Although there are no Federal standards 
for water quality, Federal agencies have 
recommended acceptable levels for a number 
of pollutants— criteria which regional, State, 
and local governments are encouraged to 
adopt. 0 

The composite violation rate represents the 
proportion of all measurements of a specific 
water quality variable which exceeds the 
violation level for that variable. Although ♦ 
violation levels are based on published water 
quality criteria, the word "violation" is used 
for simplicity and does not necessarily imply 
a leiu:; u.'^tinn. 

Thr i ..i.jfits, criteria (violation levels;, 
-.j .;,aior use relative to the criteria are: 
Fecal coiiform, above 200 cells/100 ml. swim- 
ming, dissolved oxygen, below 5.0 mg/l, desir- 
able" fish populations; total phosphorus, below 



0.1 mg/l. prevention of plant nuisances *n 
streams or other flowing wate'rs not discharg- 
ing directly to lakes or impoundments; total 
mercury, above 2.0 ^g/l for domestic water 
supply, above 0.05 ^g/l for fresh water fish 
and wildnfe; total arsenic, above 100 m5 /! f °r 
crop irrigation, above 50 ^l\ f° r domestic 
water; total cadmkri, above 10 (igl\ for 
domestic wvater; tc\-J lead, above 50.0^/1 
for domestic water. (These levels are listed in 
Quality criteria for water, U.S. Environmental 
Protection Agenc (Washington: USGPO. 
1976).) 

"The composite violation rate has several 
important advantages as an indicator. First, it 
relates the water quality data to known refer- 
ence levels, many of which are associated 
with potential impacts $uch as beach closings 
or harm to aquatic life. Second, the com- 
posite indicator statistically reduces the bias 
caused by any high values erroneously 
recorded, a problem with most large data 
bases, in contrast to certain other measures 
such as mean values. Third, the composite 
violation rate can be applied flexibly. It can 
be used for a single monitoring station, all the 
stations on a river or river reach, or even the 
entire nation. 

"As with most other indicators and statis- 
tical measures, some of the year-to-year 
variation in composite violation rates may not 
represent significant changes in water quality. 
Instead, the variation may be due to changes 
in streamflow, temperature, measurement 
schedules, and other factors. A genuinely 
significant improvement or worsening in a 
particular water quality variable usually 
becomes apparent only after several years of 
consistently different values have been meas- 
ured in a river." [Environmental quality— 
1976, Council on Environmental Quality 
(Washington: USGPO. 1976), p. 271.) . 
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Fecal coiiform bacteria In U.S. waters, 
1978 

See 11-2. 

Years refer to water years*. See 11-2. 



433 



11-4 

Fecal coiiform bacteria in major rivers, 
1966-1973 

Council on Environmental Quality. UPGRADE 
analysis of the U.S. Environmental Protection 
Agency's Storage and Retrieval (STORET) 
data. 

These 13 rivers were sfected from 22 
waterways analyzed by the U.S. Environmen- 
tal Protection Agency. The 22 rivers and bays 
were the 10 longest rivers, the 10 with the 
highest flow (cubic feet per second), and^ 
were in or near the 10 largest urban area's. 

The 13 rivers were those with the most 
complete data available. (Other major rivers, 
such as the Colorado, were excluded because 
of data limitations.) Most of the stations on 
the 13 are operated by the U.S. Geological 
Survey, but data were also included from 
several State and other Federal agencies, 

Because all stations did not operate con- 
tinuously and some took more measurements 
than others, the data may be biased toward 
conditions where FC, DO, c: phosphorus 
were measured more frequently. 

Data shown here have at least 20 observa- 
tions per river per year from all stations com- 
bined. For any year shown with no data, either 
.that parameter was not measured, was meas- 
ured but not reported to STORET, or was 
measured infrequently (less than 20 observa- 
tions per year). 

Data for 1978 are preliminary. 
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Dissolved oxygen, average annual 
violation rates, 1975-1979 

See 11-2. 

Years refer to water years. See 11-2. 



Dissojved oxygen in U.S. waters, 1? 7 8 

See 11-2. 
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Dissolved oxygen in major rivers, 
1966-1978 

See n-4. 

Va^es higher man 20 milligrams per liter 
were e/ciuae: cecause of possible errors or 
poor sar'iplet. 

Data lor 1976 are preliminary 

li8 



Total phosphorus, average annual 
violation rales, 1975-1979 

See n-2 

Measurement': ol total phosphorus include 
dissolved phospnorus and phosphorus asso- 
ciated with suspended solids. 

Years refer to water years, * 

11-9 

Total phosphorus in U.S. waters, 1978 

Seen -2 

11-10 

Total phosphorus in major rivers, 
1966-1978 

See 114. 

Values l.«jher-:han 2 5 myograms per liter 
were e/ciuded because ol possible errors or ' 
poor sample:. 

'Data for 19/8 are preliminary. 
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Heavy metals, 1975-1978 

See u-2. 

Violations of mercury, cadrcium, and lead 
levels are based on criteria for domestic 
water.supply. Violations of arsenic levels are 
based cn criteria for crop irrigation See 11-2 
for criteria levels. 

Data are based cn measurements of iota! 
heavy metals, which include dissolved metals 
and metals associated with suspended solid:, 

The 1975-1978 data for mercury, arsenic, 
and cadmium refer to the percentage ol all 
observations in 1975-1978 which were in 
violation of the criteria. In other words, the 
statistic mapped for each accounting unit is 
the ratio of all observations in violation 
divided by the total number of observations 
from all stations in that accounting unit for 
the 4-year period. 

Data for lead are for 1973' only, Lead data 
for 197MS77 are not comparable to 1978 
data because of changes in measurement 
techniques. 

Years reier to water years. 
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Discharges to water, by pollutant 
and by point and nonpoint source, 
1977 
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Phenols in ffre'upper Ohio River basin 
1968-1976 



Ermnrntzlqudtity-W, Council on 
Environmental Qualify (Washington: USGPO, 
1977), UPGRADE analysis of the U.S. Environ- 
mental Protection Agency's STOf.ET data, 
pp. 246, 248. 

The upper Ohio River is the 300 miles, 
between Pittsburgh and approximately Hunt- 
ington, W. Va, 

For 1968-1975, tiie composite violation 
rate was calculated from measurements at 
14 State, local, and Federal sites, For 1976, 
10 Ohio River Sanitation Commission stations 
were studied. 

The phenol criterion is 1 microgram per 
liter in Ohio arri 5 micrograms per liter in 
Pennsylvania and West Virginia, 



"Esiima;es of national water pollutant dis- 
charges by polluting sector; 1977," L P. 
Gianessi a.id H. M. Peskin, unpublished - 
tables assembled under National Science 
Foundation grant SOC 77 15045. as part cl 
the Environmental Policy Evaluation Program 
ol Resources ior the Future. 

Estimates made in April 1980. 
1M4 

Point source discharges to water, 
by sector, 1977 

Seen -13. 
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Population served by municipal 
wastewater systems, by level 
of treatment, 19S0-1978 

1950 and 1570 "Market for water and 
wastewater treatment equipment,' K. L 
Koliar, J. Wafer Pollution Control Fed. 51.682 
(1979). 

1978: 7978 needs survey^coweyance an* 
tmtmtotmunicwi wastewater, smmnes 
of fecrtnjca'dafa. U.S. Environmental Protec- 
tion Agency (Washington: USGPO, 1979), 
FRD-2, tables 7, 8,16, 26, 30, 44, pp. 19,21, 
37,57,65,125. 

Data for 1960 and 1970 are not strictly 
comparable to 1978 data because of different 
methods of data collection 

In 1978, there were more than 20,000 
wastewater facilities in operation throughout 
the country removing some 75% (1 1 million 
pounds/day) of BOD s and 78% (also 1 1 million 
pounds/day) of suspended solids. BOD 5 is the 
amount of oxygen consumed metabolically by 
lest microorganisms in a sample in 5 days. 

1978 primary treatment also includes 2 
million people who are served by wastewater 
treatment systems that have no discharges to 
surface waters. 

1960-1970; Data aggregated by State from 
the 1960 and 1970 censuses of population. 

An alternate to cpnveniional wastewater 
treatment is land treatment, where^ waste- 
water is sprayed onto field crops. The water 
percolates through the soil to surface and 
ground waters. Land treatment produces t 
elfiuenl similar to or beller than 'hat ol 
advanced secondary treatment systems and' 
usually costs less. In addition, two nutrients 
in wastewater, nitrogen and phosphorus, pre* 
mote agricultural growth. 
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Lakes 



When large lakes are polluted, the 
cause is often industrial and municipal 
discharges dumped directly into tribu- 
taries. Pollution ol small lakes and 
reservoirs is largely a function of local 
land use practices— the disposal of 
wastes, soil -erosion, and runoff of ferti- 
lizers and pesticides from farmland and 
gardens. A major problem for many 
small lakes is silting. 

Lakes are subject to two special 
. problems. One is toxic substances, 
which are brought into lakes, become 
[ widely distributed, and can accumulate 
in the tissue of fish and other aquatic 
life. Wildlife which iive on lake fish and 
plants may be threatened and are then 
of limited use as a food for humans. 

A second problem is the accelera- 
tion of eutrophicatibn— the natural ' 
aging of water'bodies. 
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Eutrophication of U.S. lakes, 1975 



Eutrophication may well be the most wide- 
spread problem of lakes. In the process of 
eutrophication, nutrients and sediments 
increase, changing clear water to a cloudy 
Jake, a. swamp, and, eventually, to land. 
When it occurs naturally, the process 
takes thousands to millions of years, but ( 
human activity accelerates it. producing 
the same effect in a few decades. 

Just over 85% of U.S. lakes maybe 
eutrophying at an accelerated rate. 

Of the lakes exhibiting accelerated 
eutrophication, nearly all receive waste 
discharges from industry and municipalities. 

Even if these point sources were wholly 
controlled, less than half the affected lakes 
would improve because major contributors 
to eutrophication are ndnpoint sources-k 
agriculture, mining, forestry, and others. 
■ "Many lakes are undergoing accelerated 
eutrophication, .while others are becoming 
overly acidic, causing a decline in bio- 
logical activity. Acidic areas may result . 
from acid mine drainage or from other 
discharges. Acidity also results from acid 
'precipitation, a condition created by emis- 
sions from, smelters, power plants, and 
other air polluting sources. Since 1955, 
acid precipitation in the East has increased ' 
substantially. Acid conditions decrease 
fresh water iish production and agricultural 
and forest yields. 
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Toxic residues in Great Lakes fish, 
1969-1976 
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For the Great Lakes as a whole, toxic , DDT levels have declined in three 
substances may be the most serious water species of fish in Lake Michigan. • 
quality problem. One indication of the t 
presence of toxic substances is the resi- 
dues' in fish. The levels of some toxic sub- 
stances are declining or are expected to 
decline but, in some species, levels make 
■ fish unacceptable for human consumption. ' < 

Mercury is declining in the lake in which , . * 

it was most prevalent, Lake St. 
located between Lake.Huron and Lake 



• Since it wasbanned for most purposes 
in 1974, levels of the pesticide dieldrin 
have not changed significantly, perhaps 
because of continued use of existing 
stock. It enters the lake primarily Irom 
'.agricultural runoff. 



Residues o! PCBs, a class of persistent 
industriafchernicals, are still above the 
Federal guidelines in some fish" species; 

Isolated sections of the Great Lakes- 
have high concentrations of toxic sub- _ 
stances. Because many toxic substances 
are'not well monitored,, overall water qual- 
ity cannot be evaluated. 



Cries 



Sources and technical notes 
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Eujrophication of U.S. lakes, 1975 

U.S. Environmental Protection Agency, 
National Eutrophication Survey, unpublished 
data. 

Data include 175 of the 775 lakes studied. 
The 775 lakes represent 6% of the 13.600 
intand lakes and reservoirs which qualify as 
large water bodies. 

The survey may be biased toward large 
water bodied (more than 100 acres) impacted 
by municipal wastewater discharges. In the 
East, ^elected lakes were, impacted by one or 
more municipal sewage treatment plants. 
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Water quality problem areas 
of the Great Lakes, 1978 

Great Lakes water quality: Seventh annual 
report to the International Joint Commission. 
Great Lakes Water Quality Board (Windsor, 
Ontario: International Joint Commission, 
f979). fig. 2.6, p. 20. 
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Toxic residues in Great Lakes- fish, 
1969-1976 

U.S. Fish and Wildlife Service, Great Lakes 
Fish Laboratory, Ann Arbor, Mich., unpub- 
lished data. 

The Food and Drug Administration's levels 
are not strictly applicable to these data 
because the guidelines pertain only to edible 
portions of the fish and fish and Wildlife " 
Service analyzes the whole fish. Concentra- 
tions in edible portions are slightly lower than 
^ in whole fish. - 

The PCB level is under review and may be 
changed from 5 parts per million to 2. 
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Oceans 



The bays, estuaries, arid seas receive 
waters from'rivers and streams along 
with niatenals thai aie deliberately 
dumped. Fortunately, the sea is able to 
dilute and neutralize many types ol. .' 
wastes. Coastal waters cannot do as 
well. There— where many tiny organ- 
isms, shellfish, srnall tish, marine 
mammals, and waterfowl live and 
breed-pollutants can build up to harm- 
lul levels. 

As the quality of water in the Nation's 
rivers imprjves, so will that ol bays and 
osluaiios. Cor the oceans, most-protec- 
' tipn eflorts are aimed a! reducing the • 
amount and type ol material dumped 
dijectly into them whether by accide-nt . 
or on purpose. 
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Ocean dumping of U.S. wastes 
by barge, 1951-1978 
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Ocean dumping is currently used to 
dispose of industrial wastes, sewage 
sludge, garbage, construction debris, 
derelict vessels, and dredged material. 
(The latter accounts for about 90% of 
the total amount dumped in the ocean.) 
Wastes are terect ,to specific sites or 
; sent through: ;■ jll pipes. The dumped 
| wastes severely affect marine life from 
I toxicity, oxygen depletion, accelerated 



fertilization of plant life, and physical 
changes in the habitat By law, all 
sludge and harmful industrial waste . 
dumping in the oceans trom barges 
must cease by 1981. • ; 



Since 1973, when a requirement for 
permits came into force, the amount tf 
wastes 'tumped in U.S, coastal waters 
has decreased substantially, Most of 
the change has resulted Irqm the 
decreased dumping of industrial • ' j 
wastes. . 1 
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Conceniraiion 
(parts per billion) 




Ocean dumping and oil spills are only two 
, of the more obvious sources of ocean , 
pollution. Most ocean pollutants come from 
rivers^dsireams and direct runoff from 

the land. They are even more, difficult to 

' measure. 

The presence of a few key toxic sub- 
stances is being monitored in' mussels and 

oysters, common along the ocean coasts. 
At 106 locations, samples are taken for 
the measurement of DDT, PCBs, and lead. 



DDT concentrations are extremely high' 
at only one site-San Pedro Harbor, Cali- 
fornia, a reminder of an environmental _ 
problem that was once widespread. . 



PCBs ate found in areas of industrial 
activity and high population density. .Hoi 
spots-areas of high concentrations-are 
found on both east and west coasts. Levels 
of PCBs above 500 parts per billion, for 
example, reduce the growth potential of 
mussels, c 




Sources and technical notes J 



Lead 




Concentration 
(pans per billion) 

zr 15,000" 




5,000 

2,000 



Levels of lead, like PCBs. are most 
highly concentrated in inc jslrial and 
densely populated areas. 



FisSriiiharydata lor 1977 arftNSTa 
s^ow nc marked changes in levels 01^ 
DDT, PCBs, andMead along fee coast- 
lines, But a fnarked reduction from 1971 
levels ol DDT and PCBs is apparent along 
the California coast, ' 
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Ccear dumping ol US, wastes 
t . iKrge, 1951-1978 

1951-1963: Ocean dumping, a national 
policy Council on Environmental Quality 
" (Washington: USGPO. 1970). pp. 3 ( 8. ' 

1973-1978: Annual report to Congress, 
Jan.-Dec. 1975, on administration of the 
Mme Protection, Research, and Sanctu- 
aries tet of 1912,' as amended (PL 92-532; 
and implementing me international Oo;an 
Dumping Convention, U.S. Environmei»2l 
Protection Agency (Washington: USGPO; 

1979) . pp. 16. ieA. 

Data lor 1951-1968 may not be strictly - 
comparable" to data tor 1973-1978, Specific 
permits were not required for ocean dumping- 
before 1973, Data for 1951-1968 may under- 
estimate the amounts dumped. Totals for 
1951-1968 include radioactive wastes and 
explosives. Totals for 1973-1978 incluf? 
incinerated wood (18,00.0 tons in 1978). . 

Construction debris includes, masonry, tile, 
stone, plastic, wiring, piping, shingles, glass, 
cmderblock, tar, taipaper, plaster, vegetation, 
and excavation dirt. 

Outfal! pipes carrying wastes to sea thrpugh 
pipes pften as long as 7 miles a/a located 
primarily near urban areas on the Pacitic 
coast a 

Oil splHs in U.S. waters, 197P978 „ 

1971-1972; Polluting incidents in and 
around U.S. waters, calendar year /977, U.S. 
Coast Guard (Washington, DC, 1978), p. 23. 

Wt-Wb.'Poilutorj incidents in and 
aroi-tf !/,$, v&ters/calendat year 1977 and 
19/fc, U.S. Coast Gu£M (Washington, D.C, 

1980) . p. 

Data are compiled from ->,e U.S. Coast 
Guard'!) Pollution Incident Reporting System . 
(PIRS). 

Areas 'include the Great Lakes, ocean 
waters within.200 miles of the coast, and 
inland waters (river channels, harbor, sic). 
- s All major sources include vessels; land 
vehicles, nontransporlation-relaled facilities, * 
pipelines, marine facilities-, and land facilities. 
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Toxic residues in coastal mussels 
and oysters, 1976 

# • 

U S. Environment Protection Agency, - 
Environmental Research Laboratory. Mussel 
Watch Program, Narragansen, Rl, ; pub- 
lished data. 

■ The EPA Mussel Watch Program measures 
toxic substances in bivalve molluscs. Four 
species are used: mussels are Mytilu: edulis 
(west and east coasts) and Myrfc calilor- 
manus (west coast); oysters are Crassostrea 
wgmice (east and Gulf coasts) and Oslrea „ 
equestns (Gulf coast), 

On the maps each circle represents the 
concentration in one sample at cfle station. 
A sample consists of about 25 mussels or 
oysters of the same species. 

For 1976-1978, more than 100 samples 
have been analyzed each year. 

Preliminary data for 1977 and 1978 show 
no marked changes of ihe substan :es 
reported, 

The program will make a complete collec- 
tion of samples again in 1981. 

DDI refers to its derivatives DDD and DDE- 
only, , , 

All concentrations are measured in dry 
weight. 



Chapter 12 



Air Quality 



Even the best known pollutants — sulfur 
dioxide, carbon monoxide, hydrocarbons.' 
nitrogen oxides, and suspended particu- 
lates — occur naturally in the atmosphere. 
The air is' said to be polluted when levels 
of the. c e materials are harmful to life, / 
cause damage to matenals and structures, 
or impede visibility. Excessive levels are 
usually caused by chemicals, smoke, or 
toxic substances that are the byproducts 
of human activities. Wind and weather and 
natural chemical processes disperse and 
distribute the pollutants. 

In the pas*, air pollution concerns cen- 
tered on reducing soot anc : ; y ash and 
other products of soft coal combustion. 

'They have been significantly reduced by 
technological changes, environmental con- 
trols, and regulations. Emphasis is now on 
carbon monoxide, hydrocarbons, nitrogen 
dioxide, lead, and others combustion prod-' 
uc'is at motor vehicles. Sulfur and nitrogen 
oxides, hydrocarbons, and tox/ . L : Mances 
from industr y! and commercic rces 
still cause considerable problem.?. 

The Clean Air Act of 1963 set in motion 
a nationwide, Federal-State program to 
achieve acceptable air quality. Amended 
in ine-act required achievement of 
national air quality standards to protect 
Tiuqnan health by 1975. The 1 977 .amend- 
merits ^tended the deadline" for attain- • 
mert o" ambient air quality standards in 
most af i ns to 1982. More stringent sec- 

■ ondary , tarda rds to protect vegetation, 
aesthete values, and property were to be 

, achieved within a "reasonable time" as 
determined by the Environmental Protec- 
tion Agency. 



Air quality has been improving. The 
number of air pollution alerts has been 
reduced. The large amounts cf chemical 
pollutants coming from industry have oeen 
reduced, and emissions from the worst 
offenders have been markedly curtailed. 

But much remains to be done in cities 
and elsewhere. There is growing evidence 
that wilderness, parks, and other pristine 
areas may be threatened by air pollution. 
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Criteria and noncriteria air pollutants 



Air pollutants range from comdletely odor- 
'ess ana colorless gases such as carbon 
monoxide to nighly visible dense smoke 
'and soot composed of suspended particu- 
lates emitted from smokestacks. Some * 
ootluTan'5 are highly toxic in minute 
amounts-lead, asbestos, and beryllium. 
Others- sucrf as carbon monoxide can 
cause neadaches, angina attacks, and at 



very Jiigh concentrations, c 
' The U.S. Environmental Prelection 
Agency classifies pollutants in two ways, 
Those for which the levels and length of 
exposure adversely al&jng human health 
anc welfare have beentfetermined are the 
criteria pollutants/They include carbon 
monoxide, hydrocarbons, photochemical 
oxidants, sulfur dioxide, suspended particu- 



lates, nitrogen dioxide, and lead/National - 
amhenl air quality standards have been 
sstfor each of the criteria pollutants to 
protect human health and welfare. 



Pollutants about which less is generally 
known and for which national ambient air 
'quality standards have not been set ate 1 
noncriteria pollutants. Their control is no 
less important, however, Theyjiclude vinyl 
chlcnce, mercury, beryllium, astfestos,- . 

* 

' benzene, and other hazards s substances; 
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Pollutant Standards Index values, 
pollutant levels, and he'^h ellects 



One meagre of air cuaiiiy is !he FcHutant 
Siandards Index. II is a highly summarized 
' nea ! ;n-reia!ed index based on five of the 
ciitena poHutanis: carbon monoxide, , 



oz^isuiiur dioxide, lotal suspe r -led par- 
ticulates,' and nitfogen dioxide. The PSI for 
one aay will rise above 100 in a Standard 
Metropolian Stai*s!ical Ares when one 



criteria pollutant at one Nation raphes a 
level judged to have adverse short-term 
ellects on human health. 
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12-3 

Average : - •"ant Standards Index . 
in 23 bia-nifd Metropolitan Statistical Areas, 
1974*1978 



\ 



An quality in many maior metropolitan 
areas is ifriprov-jnc. The average number 
of days for 2!/ major rr.elropoi.1an areas in 
which the air was unneaithfu! Of worse 
decreased Iron 8f, n 1974 to 72 m 1976, 
an improvement ot i 6%. More signifi- 
cantly, \k pollution is less severe—the 
r.ij Tiber ct cays when the PSI was very 
univ^ny or hazardous decreased 33^. 

MetfW'Oiinn areas are a long way f?oni 
achieving tne goal of protecting human 
health no mofe tnan one day per year 
with a PSI above 100. 
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Pollutant Standards Index 
in 24 Star.; " Metropolitan Statistical Areas, 
1973-1973 



Air pc^ul'or* lo meiropolitan areas, %s 
measutea cy ine Pollutant Standards 
te. vsr.es widely. 0! 24 SMSAs Icr 
w.'itcn at ieast 5 years" comparable data 
/ ere avasiaC'^. Los Angeles registered the 
mc-it unheaitr-iii d- -y-j. Carbon monoxide 
and photochemical oxidants, emitted pri- 
mary motor vehicles, '.vere gene-a::/ 
lesronsfcte to rasing the PSt aoove 100 
m f.ese areas 
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Pollutant Standards Index 

in 24 Standard Metropolitan Statistical Areas, 

1973-1978 * $ 
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National ambient carbon monoxide 
concentrations; 1972-1978 
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National ambient ozone 
conoentniions, 1972-1977 
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Carbon monoxide is the most ubiqu 
air pollutant. CO is formed from the i 
plete combustion ol lueb and other caroon- 
containing substances. CO concentrations 
are usually highest in down'own areas' ol 
major cities, where tan buildings trap potor 
vehicle exhaust fumes. 



/ ■ -it levels ol CO generally improved Photochemical oxide «»■ 'orrh when hydro- , .og, particularly . •/« las Angeles • 
duir -ne 1970s Measured al 163 moni- carbons and nitrogen oxides combine in basin, has been rprognized as an air pollu 

the presence o! sunlight. The result is , ton pfoblem tor years. Since the early 
"photochemical smog-ozone, peroxyacetyl 1960s, Ihe amount ol photochemical oxi- 
mtrate, acrolein, and a host of other dants in the air has decreased substan- 
undesirabte products that irritate the eye lially. but outside California, where lh 
and cause respirator/ ditiicu'%. we!** 1 h, iS iw : *ss eww (and rata 

grr- 1, ,,::-!), eventrations nave incit 



tormg sites, carbon monoxide concentra- 
tions declined 35io. between 1972 and 
1978. 
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Rational ambient total suspended 
particulate concentrations, 1972-1977 
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Total suspended particulate concentrations 
decreased by 8% between 1972 and 
1977 Most changed were the areas with 
very high' readings. For sites with total _ 
suspended particulate concentrations 
exceeding the annual standard oi 75 
micrograms per cubic meter, 77% showed 
implement since 1972. « 
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Ambient nitrogen dioxide 
concentrations, selected areas, 
1972-1077 i 
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the filth criteria pollutant, nitrogen dioxide, 
is nat wen monitored, and national data 
are not available. 

01 the seven metropolitan areas for 
winch extensive data are available. Los 
Angeles registered the highest levels. 
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12-10 . • ( ' 

Ambient trace motal concentrations ' 

in 92 urban areas, 1965-1974 ■ ^ ■ 2 , 

Other pollutants are released into the ' 

atmosphere daily. Most are not harmful to* * • \ } 

humans afid other lifebattoncentration? > ■ ij . ' . . 

that ar^sually found h the air/But the Micrograms per cubic meter t . 

amounts bieathed adoed to the amounts - v , v . 1 ^ - 

consumed in food anc^water can be , : 

harmful ■ ! ; » ' . " - ' - 

Some of these substances are metals, 
Lead, lor example-, can cause ^oisoqjpg. ' ' . 

Nickel, cadmium, chromium, an^ vanadium 

are all implicated as carcinogens, These , ' 

elements are also catalysts for the^atmps- t - n j, ' 

pfieric conversion ol sulfur dioxide to sul* , ; 

lates — which are believed to aggravate. ; 

'respiratory disease, reduce lung function, , 

increase'mortality, form acid rain, and - L 

reduce plant growth, - i 

Metal concentrations have generally ' * , 

declined in the urban areas for Which data ^ g 1 _ 

are available. The decrease in lead levels : - ' 

sinGe 197a is a function primarily of lead- ■ 
free gasoline use, Cadmium reductions 
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12-11 » 
Acid precipitation . • 
in the eastern United States, 
1955-1973 

Although clean air goals began with con- 
cern (orhuman health, they aiso.encom- 
pass concern for the long-term effects of 
air pollutants on human welfare and on the - , 
normal functioning of the ecosystem. Some 
long : term -effects are becoming apparent. 
Acid precipitation 

Rain and snow that are very acidic are 
' the result of high concentrations of sulfur 
.dioxide and.nitrogen oxide which have , 
been converted to sulfuric and 'nitric acids 
in the air. Acid rain adversely affects 
materials, vegetation, and agricultural and 
forest yields in areas far from sources of > 
the emissions. Most noticeably, acid pre- 
cipitation is creating such highly acidic * 
conditions in small alpine lakes that fish 
and other aquatic life cannot survive. 

The acidity of precipitation is increasing. 
Highest in the Northeast, it is spreading 
into the Midwest and South. pH is a meas- 
ure of thehydrogen ion activity in water, A 
pH of 7 indicates, neutrality, below 7 is 
acid, and above 7 is alkaline. A decline 1 
from pH of 6.0 to 5.0 is equivalent to a 
10-fold increase in acidity. 
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annual precipitation ' 
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Carbon monoxide emissions, 1970-1977 



Measures of ambient air quality indicate 
;onditions of the air. Measures of emis- • 
iions indicate .materials going into the air. 
To limit pollution, steps rjiust be taken 
o prevent emissions of materials at their 
sources, Sources may be mobile or 
stationary. There are about 150 million 
notor vehicles and more than 200,000 
stationary sources (power 'plants and other 
ndustries, solid waste dumps, and 
:ommercia! establishments, for example), 
3t least 23,000 of them major polluters. 
Each major stationary source emits more 
ihan 100 tons of air pollutants each year, 
Sther stationary sources are forests and 
structural fires, 



AutomdbDes produce the largest amount 
of carbon monoxide. Reduction of CO 
emissions from late model year automo- 
biles has been offset by a 34% increase 
since 1970 in the number of vehicles on 
the road and<by an increase in the, number 
of miles driven. Without pollution controls, 
the total carbon monoxide emitted would 
have increased significantly, , 
Overall, CO emissions have changed 
! since 1970, 
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Hydrocarbon emissions, 1970-1977 
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Hydrocarbon sources include motor 
vehicles, industrial processes, gas stations, 
household organic solvents, even natural 
sources. 

Since 1970, total hydrocarbon emis- 
sions have dropped only slightly. The 
decline in transportation-related emissions 
is related to pollution controls on vehicles. 
The increased industrial emissions in 1976 
reflect increased production since 1975, 
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litrogen oxide emissions, 1970-1977 



1*2-15 

fwrogen oxide emissions from 
stationary fuel combustion sources, 
by fuel type, 1970-197? 
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Nitrogen oxides come from both stationary 
sources-electric utilities, factories, resi 



The pollution control equipment on motor Use of coal to fire toilers for generation of 

vehicles produced before 1975 did not . electricity is primarily responsible for 1 

dences-and mobile sources, Levels have substantially affect emissions. Levels are increased nitrogen oxide emissions. . 

increased 18%' since 1970 because high- expected to change when emission control : " 

way travel and use of electricity increased- ; devices are required on all new motor ' % 

vehicles. . 
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Sulfur oxito emissions, 1970-1977 
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Sulfur oxide emissions from 
stationary fuel combustion sources, 
by fuel type, 1970-1977 < 
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Sullur oxides are emitted during combus- 
tion ol coal and residual luel oil, from 
metals smelting, and in the, production ol 
such basic chemicals as sulfuric acid. 
Emissions have declined about 8% since 
1970, primarily because of controls applied 
by the smelling and chemical induslries. 
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Electric utilities used 49% more cdal and 
86% more oil in 1977 lhan in 1970. Just 
to maintain sullur oxide emissions at their 
1970 level required use of low-sulfur coal 
and oil and the control of stack gases, 
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Total suspended particulate emissions, 
1970-1977 
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Total suspended particulate emissions 
Irom industrial sources, 1970-1977 
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Suspended particulates are primarily emit- 
ted during the combusiion ol lossil fuels, 
Since 1970, total suspended particulate 
emissions have been reduced more than 
40%, The reduction comes from use of 
control equipment in coaMired'eleclric 
utilities and in industry (industry now 
removes approximately 88% of thepar- 
ticulates that it produces); use of less coal 



in small industries; and from less open 
burning of solid wastes. 



Control equipment in the mineral products 
industry-stone, clay, lime, cement, and 
glass! for example-is responsible for the 
big reduction in total suspended particu- 
late emissions, 



Compliance sj$(j5 of major stationary 
air pollution sources, 1975-1979 



Most majO' indljjitrial sources of air pollu- 
tion are in compliance, with Federal and 
State standards. In mb-1979, 88% were 
meeting jbp' is K3ion limitations, and 4% had 
plans or.weu mrchasing equipment to do 
so. 
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Compliance status of major stationary 
- air pollution source's, by industiy, . 
1979 



Of 13 major industries, the iron and steel 
industry has she lovves' paicentage oi 
plants in compliance with emission 
limitations. 
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jlal. major sianonary sources (5.4: 2)" 
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Municipal incinerators (87 ) : 
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Pulp and paper mills (247) 
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Sulfuric acid plants (241) 



Phosphate fertiliser plants (110) 
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Sources and technical notes 



12-1 . 

Criteria and noncriteria 
air pottutants 

environmental quality— 1975, Council on 
Environmental Quality (Washington: USGPO. 
1;V5>. pp. 300-303. 328-331. y 

Air quality criteria for ozone a; id other 
pnorocnemical oxidants, U.S. Envirr mental 
Protection Agency {Washingtc-n: USGPO, w 
1979) 

Air quality criteria for lead, U S Environ- 
mental Protection Agency (Washir gton: 
USGPO, 1978). 

' Air quality criteria for carbon monoxide, 
U S Environmental Protection Agency^Wash- 
Irujton USGPO. 1980). 

■ Air quality criteria for oxides of nitrogen," 
US. Environmental Protection Agency, draft, 
June 19/9. ' - • ' 

, US* Environmental Protection Agency, un- 

publisned data. 
12-2 

Pollutant Standards Index values, 
pollutant levels, and health effects 

Guidelines for public reporting of daily air 
■ quality -Pollutar.i Standards Index (PSI), U.S. 
Environmental Protection Agency (Research 
1 nangle Park. N.C.. 197G). EPA-450/2-76-013. 
OAQPS 1.2-044. table 3. p. 10. 



Average PoliUtant Standards Index . 
in 23 Standard Metropolitan Statistical 
Areas, 1974-1978 

19/4-1978: Environmental quality — 1980, 
Council on Environmental Quality (Washing- 
ton USGPO. 1981). pp. 148-152. based on 
the U S Environmental Protection Agency's 
air quality data bank, SAROAD (Storage and 
Retrieval of Aerometric Data). 

A Standard Metropolitan Statistical Area 

-■(SMSA) is an area with an urban center of 
!>0.000 persons or more, including the county 
containing that center and any neighboring 
counties that are closely associated with Ihe 
central area by daily commuting ties. SMSAs 
contain not only urbanized areas, which 

. orcupy only :0% of the land, but also open 
space, forests, recreation areas, parks, and 
cropland. 



The PSI values are an a-. je ot i.„ 
SMSAs which were included because ciata 
were available. New York was excluded 
because comparand data for 1974 are mt 
available in SAROA^. Other major SMSA 
may have many days of unhealthful air, but 
comparable data for 1974-1978 are not avail- 
able in SAROAD. 

The PSI analysis for 1973-1978 is based 
on standards applicable during 1979. not on 
standards applicable at the time of monitor- 
ing. The primary standard for ozone was 
relaxed in 1979 from 160 to 240 micrograms 
per cubic meter per hour. 

In addition to the five criteria pollutants, 
the product of .total suspended particulates 
and sulfur dioxjde'is included. Other pollut- 
ants for which standards have been set can 
be readily added. Although lead is now a 
criteria pollutant, it has not yet been incorpo- 
rated in the PSI. 

124 

Pollutant Standards Index in 24 
Standard Metropolitan Statistical 
Areas, 1973-1978 

1973: Environmental quality— 1978, Counci! 
on Environmental Quality (Washington: 
USGPO. 1979). pp. 15-17, based on the U.S 
Environmental Protection Agency's air quality 
data bank, SAROAD (Storage and Retrieval ot 
Aerometric Data). 

1974-1978. See 12-3. 

In 1978 in these 24 SMSAs. photochemical 
oxidants were the primary pollutant in 15 
SMSAs; carbon monoxide was the predomi- 
nant pollutant in 6 SMSAs. 

Total suspended particulates and sulfur 
dioxide caused high PSI readings in Chicago, 
Cincinnati. Salt Lake City, and other major 
industrial centers, but rarely do these read- 
ings exceed more than a few days per year. 
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National ambient carbon monoxide 
concentrations, 1972-1978 

U.S. Environmental Protection Agency. 
Office of Air Quality and Standards, unpub- 
lished data. 

CO. oxidants, SO,,, TSP. and NO, data are s 
from the .National Aerometric Data Bank 
(NADB). - 

Data, collected at fixed monitoring sites are 
reported-quarterly by local and State govern- 
ments. 

Annual composite averages of CO are 
baseu n n Gaiiy 8-hour measurements taken at 
183 urban monitoring sites. Sites selected are 
those with at least 5 years' data. 

12-6 

National ambient ozone 
concentrations, 1972-1977 

National air quality, monitoring, and emis- 
sions trends report, U.S. Environmental Pro- 
tection Agency, Office of Air Quality Planning 
and Standards (Washington: USGPO, 1978). 
EPA-450/2-78-052. fig. 3-6. p. 3-12: 

Trends are based on the average of the 
90th percentile of the hourly measurements 
taken from April through September. 

Many sites are monitored only paring this 
peak pollutant season when ozone values are 
highest. Of the 226 sites. 59 were in California. 

12-7 

National ambient sulfur dioxide 
^concentrations, 1972-1977 

See 12*-6Jig. 3-5, p. 3-8. 

Trends are based on the annual composite 
average of daily 24-hour averages. Data were 
collected at 1.233 monitoring sites. 

12-8 ■ . - . 

National ambient total suspended 
particulate concentrations, 1972- s '1977 

See 12-6, fig- 3-2. P- 3-2 : ^;>; 

Trends are based on the /; annual composite 
average (geometric mean^o) -daily 24-hour 
averages. 

Data were collected at 2.707 monitoring 
sites. 
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Ambient nitrogen dioxide concentrations, 
selected areas, 1972-1977 

See 12-6, i»g, 3-11, p. 3-18. 

Sites were included ii Ihey had a! least 3 
years" data with al least 4,000 hourly obser- 
vations per year. 

Trends are based on anr j composite 
averages of hourly me. ir -inenls taken at 56 
urban sites. 23 in Cain, m* (Los Angeles 
County, 9, Of -mge County. 2, Riverside, San 
Bernardino C runties. 6: San Francisco Bay 
area, 6) and ci oufs/de Caiiiom (Cleveland, 
18. Louisville, 9; Atlanta, 6), .- 

12-10 . , 

'Ambient trace metal concentrations 
in 92 urban areas, 1965*1974 

National /rends in /race me/afe in ambient 
a/f, /965-I97UJ.S. Environmental Protec- 
tion Agency (Washington: USGFO t 1977), 

•'pp. 8, 9, 

Data were taken from the National Air 
Surveillance Network (NASN) 

Trends are based on the annual average ol 
the 50th percentile median from 92 urban 
High-volume slations in 92 center-city and 
suburban business areas. 

Except lor lead, there are no anta: 
standards proposed nor is there consensus 
as to what concentrations may be harmful to 
human health, • 

Recent data for vanadium and cadmium 
cannot be detected in smaller concentrations. 

12-11 

• Acid precipitation in the eastern 
United States, 1955-1976 

Based on "Acid rain," Gene E. Likens. 
Richard R. Wright, James N, Galloway, and 
Thomas J. Butler, Scientific American 241(4): 
43-51 (1979), copyright 1979 by Scientilic 
American, Inc., all rights reserved. 



12-12 to 12-19 

General note on emissions 

\ Data are compiled from the U.S. Environ- _ 
Rental Protection Agency's National Emis- ' 
sions Data Bank (NEDB), other EPA data 
sources, and other published sources. 

Stales ara required to report semi-annually. 

Data are not limited to major metropolitan 
areas but include point and areal sources. 

Transportation includes highway vehicles, 
aircraft, railroads, vessels, and miscellaneous 
mobile engines such as farm equipment, 
industrial and construction machinery, lawn- 
mowers, and snowmobiles. ' 1 

Stationary includes all luel combustion in 
boilers, stationary internal combustion en- 
gines, and other stationary combustion equip- 
ment. Emissions are from electric power 
plants, industry, and residential, commercial, 
government, and educational fuel consumers. 

Industrial includes manufacturing equipment 

12-12 

Carbon monoxide emissions, 1970-1977 
* # 

See 12-6, pp. 5-5 to 5-12. 

Other includes emissions- Irom stationary 
fuel combustion, solid wastes, forest iires, 
and managed burnings, 

12-13 1 

Hydrocarbon emissions, 1970-1977 

&e 12-6, pp. 5-5 to 5-12. 

Other includes emissions from slationary 1 
luel combustion, solid waste, and use of ' 
organic solvents. 

Hydrocarbons may be referred to as vola- 
tile organic compounds although they are. not 
strictly comparable, Hyirocarbons include 
photochemically nonreaclive compounds (lor 
: example, methane); volatile organic tarn- 

pUOITdSTlOTTOt _j , 
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12-14 

Nitrogen oxide emissions, 1970-1977 

See 12-6, pp. 5-5 to 5-12. 

Stationary fuel combustion includes emis- 
sions from electric utilities, industrial estab- 
lishments, and residential, commercial ana 
institutional sources. 

Other includes emissions Irom industrial 
processes and solid waste's! . 

Due to methodology, emission estimates 
includfe all nitrogen oxides>Ambient measure- 
ments include only nitrogen dioxide. 

4 

12-15 

Nitrogen oxide emissions Irom 
stationary luel combustion sources, 
by luel type, 1970-1977 

* 

U.S. Environmental Protection Agency, * 
Office ol Air and Waste Management, unpub- 
lished data. 

.Data exclude a small amount (about 0*4 
million metric tons per year) ol nitrogen oxide 
emitted by stationary-fuel combustion sources 
that use kerosene, liquified petroleum gas", 
and other fuels. 

12-16 

Sulfur oxide emissions, 1970-1977 

See 12-6, pp. 5-5 to 5-12. 

Stationary luel combustion includes emis- 
sions from electric utilities and industrial 
residential, commercial and institutional 
sources. - > 

Oto includes emissions from solid wastes 
and fransportation, . , 

Due lo methodology, emission estimates 
include afl sulfur oxides. Ambient measure- 
ments include only sulfur dioxides. 

12-17 / ; > : 

Sulfur oxide emissions from stationary 
fuel combustion sources, by fuel type, 
^1970-1977 

See \Ui pp. 5-5 to 5-12. 

Data exclude Ismail amount (0,15 million 
metric tons per year) of sulfoxide produced 
by industrial stationary luel combustion 
sources that use fuels. 

Natural gas does not produce sulfur oxide ■ 
when burned. 



12-18 ■ 

Total suspended particulate 
emissions, 1970-1977 

Sr-j 12-6. pp. 54 to 5-12. 

, Other includes emissions from solid wastes 
and transportation. 

Data include both suspended and settled • 
particulates, in contrast lo ambient T$ 
measurements, which include only suspended 
particulates. 

12*19 

Total suspended particulate ' 
emissions Irom industrial sources, 
1970-1977 

See 12-6, |jp. 5-5 to 5-12: 

s 

12*20 • 

Compliance status oi majdrstationary 
air pollution sources, 1975-1979 

U.S. Environmental Protection Agency, 
Office ol Enforcement, unpublished data for 
the Compliance Data System, -which includes 
probable compliance data collected on a 
quarterly basis Irom State and local air pollu- 
tion control agencies. 

Approximately 200,000 stationary sources 
are subject to State Implementation Plans, 
which sei limits on emissions as part ol a 
statewide plan to reduce ambient concentra- 
tions of criteria pollutants. Of these sources, ' 
23,760 are classified as major (or Class A) 
sources because each of them is capable of 
emitting more than 100 tons of poHutant each 
year. 

Minor (or Class B) sources are all other 
ladies (approximately 1/6,000). 

12-21 \. 

Compliance status of major stationary 
air pollution sources, by Industry, 
1979 

The 13 major categories shown here include ■ 
5,412 sources— about a fifth of all major sta- 
tionary sources. - ' 
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Chapter 13 



. Biosphere 



All file on earth exists :n the biosphere, the 
thin layer of air, land, and water that 
covers the earth and is energized by the 
sun. Within the biosphere live some 3 to 
10 million species of plants and animals. 
In size, they range from the great blue 
whale (Balaenoptera musculus) and giant 
sequoia' (Sequoiadendron giganteum) to 
the smallest single-cell organism. Among 
thera are human beings (homo sapiens), 
with a population of more than"4 billion. 

The biosphere's life support systems 
are being taxed by ever greater numbers 

of people, by an accelerating demand for v 
resources — fueled by the needs of 
„ modern agriculture, industry, and transpor- 
tation, and by &*panding human settle- 
ments. Some of the stresses are obvious — 
degraded cropland, deforestation, desertifi- 
cation, loss of wildlife, and pollution poison- 
ing. The effects of others may not be 
known until the damage is done. 




in 7000 BC . the earth was-populated 
by some 5 to 10 million people/By 1 
Aft, the number had grown to between 
200 and 400 million — about the com- 
bined number now living in the United 
States and Japan. Slow, unsteady 
growth continued until the late 18th . 
century when wo[id population probably 
stood at less man 1 billion. With the 
advent of the industrial revolution, the. 
pattern changed to a steady increase. 
World population is now more than 4.4 
billion. The time it takes for world popu- 
lation to double dropped from 173 years 
in 1800 to 41 years in 1979. 
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For at least 200 years, Asia has been 
home tor about 60% of the world's popu- 
lation. Today, roughly 2.5 billion people live 
there. . . ' 
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WoHd population growth rates, 
by region, 1950-1979 

During thei$60s, the average rate of 
•utfh population growth was 2% per year, 
me highest rate in recent centuries. In the 
1970s, 'the rate declined, reaching 1.8 C : in 
■1979. 

Growth rates are highest in much of the 
developing world due to high levels of 
fertility and marked reductions in mortality 
immedately following World War II. / 
Improved living conditions-such as sani- 
tary drinking water, more food, and better 
health services-have greatly reduced 
infant mortality, allowing many more young 
people to reach maturity and have families 
of their own. V 

Declines in the rate of growth in North 
America, Europe, the USSR, and Oceania 
are due mainly to reduced fertility. 
People there are choosing to have 
smaller families. In Belgium, the German 
Democratic Republic, and the United 
Kingdom, for example, growth rates are 
cbse to zero. The Federal Republic of . 
Germany and Austria have negative 
growth rates. 
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Population density, 1975 
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Africa 
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Tne earth as a whole averages 75 people 
per square mile. The United States is 
somewhat less densely populated (60 
pecple per square mile). The density is 
. higner in less developed regions (101 per 
square mile) than in more developed .. 
regions (48 per square mile). 

Densities are usually much higher in 
agriculturally productive lands such as the 
Mississippi, Indus, and Po river valleys and 
abng coastlines. Some of the highest 
densities are in the island nations of Singa- 
pore, Hong Kong, Great Britain, Japan, , 

and the Caribbean. 
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Population in urban and rural areas, 
by size of area, 1920-1975 ; 



The urban population— the number of 
people living in-settlements of 20,000 or 
'. moie— doubled betweer\jl950 and 1975. 
In 1950, the urban share of world popula- 
tion was 28%. By 1975, it had risen to' 

• 40%. 



FRir 



Billion people 
5 



0 



World total 




- Urban 



Rural and 
smallibwns 



j — i — ■ -■- 



1900 1920 



19 40 1960. 1980 - . 2000 



Living in cities 
with populatic.n of: 

HI More than 1 million 
[111 500,000-1 million 
[7] 100,000-500,000 
□ Less than 100,000 




New York-Northeast New Jersey 




Shanghai 









J ';., i :-Si ; , .;*£. 



































London 



















^. 'V ,- 

















Sao Paulo 




Million people 



1W> 

Population by region, 1950-1979, . 
with projectio ns to 2000 

•World population is projected to reach 
between 5.9 and 6.8 billion by the year' 
2000, Using the mid-level projection, it is 
expected to increase by 1.9 billion; or 
44%, in the 21. years Irom 1979 to 2000. 
-Most of the increasejs' expected to 
occur in developing countries. Africa and 
Latin America are projected to double in 
population. Asia will continue to have the 

largest number of people. 
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World population, by region, 1800-1979 

1800-1900: The determinants and conse- 
quences of population trends, United Nations 
(New York, 1973), v. 1, p. 21. 

1950-1979: World population 1979: 
Recent demographic estimates for the coun- 
tries and regions of the world, U.S. Bureau of 
the Census (Washington: USGPO, 1980), 
tables 2, B-2, D-1, pp. 24, 168, 376. 
U.S. Bureau of the Census, unpublished data: 

13-2 

World population growth rates, by region, 
1950-1979 

• World population 1979: Recent demo- 
graphic estimates for the countries and 
regions of the world, U.S. Bureau of the 
Census (Washington: USGPO, 1980), table 2, 
p. 24. 

13-3 

Population density, 1975 

The global 2000 report to the President, 
Council on Environmental Quality and U.S. 
Department of State (Washington: USGPO, 
1980), v. 2, f he technical report. 

13-4 

Population in urban - 

and rural areas, by size of area, 

1920-1975 

Demographic yearbook 1960, United 
Nations (New York, 1960), table 2, p. 1 16. 

The determinants and corisequerfces of 
population trends, United Nations (New York, 
1973), v. 1, pp,.190, 578. ■ 

Trends and prospects in the population of 
urban agglomerations, 1,950-2000, as as- . 
sessedin 1973-1975, United Nations (New 
York, 1975), pp; 13, 21. 

Work) urbanization 1950*1970, Kingsley 
Davis (Berkeley: University of Calif., 1969). v. 1, 
tables A, B, pp. 57-111. 

Rural data for 1920-1940 are not strictly 
comparable to that for 1950-1975. 
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Ten largest cities in the world, 1975 

Trends and prospects in the population of 
urban agglomerations, 1950-2000, as as- 
sessed in 1973-1975, United Nations (New 
York, 1975), p. 61. 

13-6 

Population by region, 1950-1979, , 
with projections to 2000 

1950-1979, except Asia: See 13-i. 

19B0-2000, and Asia, 1950-1979: Illustra- 
tive projections of world populations to the 
21st century, U.S. Bureau of the Census 
(Washington: USGPO, 1979), current popu- 
lation reports, special studies series P-23, 
n. 79, pp. 17-18. 

U.S. Bureau of the Census, unpublished 
data. 

Asia includes Oceania. 



ERLC 



514 



303 



13-7 

Major ecosystems of the world, 1970s 



The land-surface of the earttrcarrbe " 
classified Into 12 major ecosystems. The 
classification of an ecosystem is deter-' 
mined by dominant plants and animals, 
whose presence is largely influenced by 
temperature, precipitation, and sunlight. 
The world's major ecosystems include 
tundra, tlaga, temperate forest, temperate 
grassland, tropical deciduous forest, tropi- 
cal rainforest, desert, and others. ■ 
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Area and productivity 
of ecosystems, 1970s 
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' Estuaries 
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Tropical moist forests, 1970s 
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Three major ecosystems are under espe-.' 
daily intense pressure: tropical moist 
forests; arid and semiarid land; and crop-; 
land, 

For centuries, tropical moist forests 
resisted intensive human exploitation^ 
Today, with rapid growth in population and 
in the demand lor living space, food, and 
materials, the tropical mofet forests of 
Central and South America, West Africa, 
and Southeast Asia are changing, Millions 
ol acres are now being cleared each year 
for farming and cattle ranches, cut for 
firewood, or logged for valuable hardwood; 
Closed tropical forests are decreasing by 
10-20 million hectares (1%-2%) per yean- 
In addition. to these tosses, the quality of 
^large areas ol the remaining forests is 
being degraded. ; 
Rapid loss of tropical forest cover can 

have severe consequences for society and 
the environment: Economically accessible 
forests become limited, People, particularly 
the poorest, are without wood for fuel, , 
shelter, liber, or must spend much more 
time searching for suable materials. 
Watersheds become denuded, flooding 
increases in frequency and severity. 
Ground water Is depleted. Increased ero- 
■ sion reduced topsoil. Reservoirs and irriga- 
tion ditches are silled, reduces agriculture, 
and hydropower. Wildlife is reduced in 
abundance and in diversity, with many ' 
species threatened with extinction, 



The mosi extensive territorial ecosystems 
are'desert, rock, and ice; tropical rain 
forest; desert scrub;' savanr; - j) 
cultivated land. 



The most productive systems in terms 
of primary biological productivity, are\ 
swampland, marshland, and tropical rain 
forests, Primary productivity is that part, of 
towl production contributed by green \ 
plants in a given year, It is measured in) 
grams of carbon produced per square 
rreter per year. 
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The seas cover nearly three quarters of ■ 
■the globe, but marine piants account for 
only a third of the biosphere's primary • 
production, about 24.9 billion metric tons 
out of a gtobal total 0( 73.2 billion, Only 
relatively small areas ol the ocean are ■ 
very productive; these areas include 
estuaries, algal and seagrass beds, and 
reefs. ' 
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Tropical moist forests, 
by region and country, 
1545-1978 
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Large-scale conversion of rain forest is 
taking place in all of the world's tropical 

regions,. 

Tropical moist forests in Nicaragua 
havo declined in the past decade by 30% 
as.a result of timber exploitation, shifting 
cultivation, and growth in agricultural 
settlements. The government is now en- 
couraging planned agriculture to reduce 
P — 1( y « n remaining primary forest, 

ERIC 



Twenty-five'percent of Costa Rica's 
forests have been lost in-the past decade. 
The. Natural Resources Institute was es- ■ 
tabtished to evaluate forest ecosystems 
and integrate land use planning. National 
parks are being expanded to protect much 
of the remaining forest. 



Brazil alone contains more than a third 
of the world's tropical moist forests — 
about 3 million ^-;)uare kilometers. The 
amount of forest converted to agricultural 
use and'cattle raising has been substan- 
tial. National parks are being established 
i,nd conservation programs developed to 
reduce conversion of some unique areas. 

' .Closed forests in Colombia have de- 
clined by about 40% since the mid-1960s. 
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About 20°A,'Of the Ivory Coast's tropical 
forest remains. Almost all forest areas 
outside reserves have been logged and 
farmed. 

> Most of Ghana's moist forests have 
been severely depleted; the ones remain- 
ing are confined to forest reserves. 



Thailand's forests have been reduced to 
a fourth of their original size. An extensive , 
program of reforestation and conservation 
is underway fo increase tropical moist^ . 
forests to 40% of Thailand's land area. 
Nine national parks and wildlife refuges 4 
have been established, but deforestation 
continues even in the parks because 
people are desperate for cropland and 
fuetwood. . 



In 1965, 57% of land in the Philippines 
was forested. By 1976, only 38% was. 
Losses of some 5*000 square kilometers 
per year are being recorded. Plans have 
been made to increase forest acreage 
through reforestation to '42% of the coun- 
try's total area by the year 2000. 



Malaysia has the most intensively man- • 
ag?d forest economy of any tropical coun- 
try. Logging and wood processing are 
major industries, Roughly 55% of the 
Malaysian peninsula is still forested, and 
half of that is undisturbed. Nevertheless, 
Malaysian forests are being depleted at a - 
rate of almost 4,000 square kilometers per 
year., 
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Lands vulnerable to desertificat *>n, 
1970s 



Desertification of lands worldwide is in- 
creasing at an estimated rate of 50,000 
square kilometers per year. In the past 50 
years in Africa alone, 650,000 square 
kilometers of land bordering the Sahara 
that were once suitable for agriculture and 
grazing have become barren desert. 

Desertification occurs where vegetation 
is fragile, subject to extremes in wind, 
temperature, or rainfall, or highly vulner- 
able to poor management or natural dis- 
aster. Direct causes of desertification are 
overgrazing, poor cropping practices, 
wood cutting, uprooting o* shrubs, inappro- 
priate recreational uses, and excessive 
burning of grasslands and forests. Such 
activity may cause progressive degrada- 
tion, possibly to a point where damage is 
practically irreversible. 



Among the earth's end and semiarid 
lands, 13% are already desert. Of the 
remaining 87%, the risk of becoming 
desert is very high in 7%, nigh in 34%. 
and moderate in 36%. Risk is slight on 
about 1C% of the land. 

At this time, desertification could be 
reversed in many areas by eliminating 
activities that degrade the land and by 
rehabilitating seriously damaged areas: 
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World arable land, 1951-1975 
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The anxxjnt of land used for crops world- 
wide is increasing but at slower rates than 
before. Millions of hectares are brought 
under cultivation for the first time each 
year, but almost as much is taken out of 
cultivation to be urbanized, returned to 
pasture or forest, or abandoned. 



With world population growing rapidly 
and increases in total arable land minimal, 
arable land per capita is declining. 



530 



ERIC 



13-13 • 

Arable and potentially arable land, 
by region, 1970s 

The largest areas of arable land are in 
Asia, North America, and the USSR. 

Nearly all countries have the potential 
to expand cultivated areas. The largest 
reserve of potentially arable lands are in 
Africa and South America, but many of 
these lands are poorly suited to agricul- 
tural production and face one or more 
environmental constraints. They contain 
.infertile soils, are remote or isolated from 
population centers, lack adequate or 
properly' timed rainfall, are subject to 
■ erosion, have a short growing season, do 
not have cfesss to needed irrigation, or 
have a coronation of these and other 
characteristics. In short. it appears that 
the best and most accessible lands are 
already in use. . 



Industrialized countries 
United Slates 







Western Europe 




. i 



Older major exporters 



Jaoan 



E 



Centrally planned countries 
Eastern Europe 



USSR 



People's Republic of China 



Less developed countries 
La:-:. ! i America 



North Alnca and Middle East 



Other African LDCs 



hectares) 
1.477 arable 
2,763 potentially arable 

4,240 World tctal 



South Asia 



Southeast Asia 



East Asia 



0 100 
Million hectares 



200 



300 



400 



500 



600 



700 



B Arable fH Potentially ,aia^ 



13-14 

Wortd agricultural production, 
1954-197* 
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Worldwide agricultural production has ' 
grown rapidly despite the relatively small 
increases in arable land. Increases in the 
use of synthetic organic fertilizers and 
pesticides coupled with advances in 
modern plant breeding and irrigation lech 
niques4iave contributed to a marked, 
sustained increase in average crop yields 
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World agricultural inputs, 1950-1978 
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Jntensive use ol fertilizers and pesticides, meriy ^pensive sources.of energy, 

development of new strains of corn, particularly oil. 

"' o J " : ce, and expansion of irrigated With the rapid increase in the we of 

laiEfyfc eally increased the amount . technologically-enhanced agricultural 

.of cSTnd other crops that can be ■ inputs has come a number of environ- 



The natural productivity of anestimated supplies. Improper application of fertilizers 
one half of the world's cropland is declin- ■ has changed the types of vegetation and 
ing-because of soil erosion, waterlogging, ' fish species inhabiting nearby waterways 
salivation, and'other environmental ' . ; and rivers. The availability of water may ;' 
problems. In certain regions, the misuse of become the single most important con- 
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Major ecosystems of the* world, 1970s 

Ecosc\ence: -Population, Resources, 
Environment, Paul R. Ehrlich, Anne H. Ehrlich, 
and John P. Holdren (San Francisco: W.H. 
Freeman and Company, 1977), fig. 4-26, 
pp. \AA- 145. Adapted from Fundamentals of 
ecology (3rd ed ), E.P. Odum (Philadelphia: 
W.B. Saunders, 1971), and Communities and 
ecosystems, R.H. WhittaRer (New York: 
Macmillan, 1970). Reprinted with permission. 

13-8 

Area and productivity of ecosystems, 
1970s 

See 13-7, table 4*6, p. 132, from "Carbon 
in the biota," R.H. Whittaker and G.E. Likens, 
in Carbon and the biosphere, G.M. Woodwell 
and E.V. Pecan, eds. (Washington: U.S. 
Atomic Energy Commission Technical Infor- 
mation Center, 1973), pp. 281-300. 
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Tropical moist forests, 1970s 

"Crossroads for tropical biology," William 
J. Cromie, Mosaic, National Science Founda- 
tion, v. 10, n. 3, May/June 1979, pp. 10-11. 
Reprinted with permission. 

13-10 

Tropical moist forests, by region 
and country, 1945-1978 

Conversion of tropical moist forests, 
Norman Myers, National Academy of Sci- 
ences (Washington, D.C., 1980), pp. 80. 81, 
95, 97, 98, 108, 128.J32, 133. 134, 135,156, 
158. 

Trends in individual countries may not be 
representative of an entire region. 
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Lands vulnerable to desertification, 1970s 

Wof/d conse(Vc?ff'on s/ralegy; International 
lof the Conservation of Nature and 
al Resourcesi wHh-United. Nations 
Environment Programme and World Wildlife 
Fund (Gland, Switzerland 

Arid and semiarid lands oc; ,r>y roughly 
one-third of thn nnrths land suiiace. Although 
they vaiy inland forms and types ot vegeta- 
lion, they have low levels of precipitation 
(less than 20 inches ol rainfall per year), with 
great seasonal and year-to-year variation and 
relatively sparse vegetation. ' * 

Cultivation in marginal areas during periods 
of higher than normal rainfall is especially • 
dangerous and may be a main cause of 
talihcation. When dryyears'foMayear 
( ol plenty, ploughed soil or soil from which the 
sparse cover of natural plants has been, ■ 
eliminated is a! the mercy ol wind and water, 
The line clays and silts are earned away and 
the remaining sand drifts. The social and 
environmental impacts are serious: Arable . 
land i^lost; wildlife is dispersed and depleted; 
the risk ol starvation increases; and greater 
pressure is pul on remaining lands' 
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World arable land f 1951-1975 

• Ihe global 2000 (epotl to the Ptesideril 
Council on Environmental Quality and U.S. 
Department ol Slate (Washinglon; USGPO, 
1980), V! 2jhe technical report, tables 6-12, 
6-13, pp. 97,99. 
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Arable and potentially arable land, 
by region, 1970s 

U.S, Department of Agriculture, Econom- 
ics, Statistics, and Cooperatives Service, 
unpublished data. 

LDCs are less developed countries. 
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World agricultural production, 1954-1978 

1954-1969: Jhe wild iood situation and 
prospec/s fo 1985, U.S. Department ol 
Agriculture (Washington; USGPO, 1974), for. 
agr econ, rep. 98, p. 2", 

1970-1978: W9 Handbook of agricultural 
charts, U.S, Department of Agiic jltur'e 
(Washington: USGPO, 1979), agr, handbook, 
n. 561, p. 84, 

Developed countries include: United States, 
Canada, Europe, USSR, Japan, Republic ol 
South Africa, Australia, and New Zealand, 
' Developing countries include: South and 
Central America, Africa (except RepuSool 
South Africa), and Asia (except Japan and 
communist , 
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World agricultural inputs, 1950-1978 

World fertilizer use; /97fi ferffizer year- 
book United Nations Food and Agriculture 
Organization (Rome, 1979), and previous 
annual issues, 

Irrigated cropland and world labor force: " 
World population (rends and policies, 197? 
monteg OTlUmled NationsiMYoik, 
1979),v, t ( lables65, 69 ( pp.165,167. , 




More than 1.5 million species of plants 
and animals have been identified world- 
wide. This includes 4,100 species'of mam 
mals;8,700tirds;6,30Q,repliles; 3,000 
amphibians; 23.000 fishes; thousands of 
invertebrates including 800,000 species of 
insects; and several hundred thousand 
plants and fungi. 

The 1.5 million is only the known num- 
ber of species. Scientists continually add 
to the list as new lands and waters are 
explored and better ways are found to ■ 
identily and classify species. Scientists 
now estimate the worldwide total to num- ■ 
ber between 3 and 10 million species. 

Diversity of species increases 'as one 
moves from the poles to the tropics. Some 

60% to 80% of all species live in the 
tropics, and up to 40% live in one major 

ecosystem-tropical moist forests. As 
many kinds of plants live in Panama as in 

.all of Europe; as many fish species live in, 
the Amazon basin as in the whole Atlantic 
Ocean. 

The makeup of the earth's biotic com- 
munity is changing continually. Today, 
. extinctions seem to be increasing and can 

be linked to man's influences on the 
'biosphere. Man-induced extinctions are 

now the rule rather than the exception, 
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Extinct species and subspecies 
ol vertebrate animals worldwide, 
1600s-1900s 



The extinction of vertebrate species has 
increased steadily with worldwide-growth- 
1n human population and the rapid altera- 
tion of natural habitats, In the 1600s, an 
estimated 21 vertebrate species became, 
extinct; in the 1700s, 36 species; and in 
the 1800s, 84 species. By the end of this 

century; an estimated 270 vertebrate 

species are expected tote extinct , 
Overall, the most endangered species 
are those with hio^iiy restricted distribu- 
tions and those rvfquiring mature forests 
' and grasslands. 
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Extinction of species, by region, 



Of the 3 to 10 million species now oh • 
earth, between 0.4 and 1.5 million species 
could become extinct during the next 20 
y;ars, 

The largest number of extinction? is ' ,• 
"foreseen in the tropical forests, many of 
which are rapidly being depleted through 
timber harvests,- the gathering of fuelwood, 
and conversion to cropland, The greatest 
number of tropical extinctions is expected 
amonp insects; the next highest number, 
amo ig plants. 
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Whale exploitation, by species, 
pre-huniing through the 1970s 



Whale abundance, pre-hunting and 1970s 
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Whales are one group of mammals that 
have been hunted for centuries, with many 
species and stocks brought close to 
extinction. 

The pattern of exploitation has been to 
hunt one species till it becomes too 
scarce to be of commercial value, then 
turn to another: First, the biggest whales— 
the blues (Ba/aenopfera musculusj-were 
exploited, then lin (fialaenopfera physa/us), 
humpback (Megapfera novaeang/iaej, and 
sei whales (0a/aenopferaWfe) in turn. 
More recently, whalers have sought sperm 
whales (Pnyseter cafodon] and the much ■ 
■smaller minkeffla/aenopfera 



The world catch of whales has decliner 
because of declining stocks and, more 
recently, because an .^national quota 
system now limits the catch of some 
"species and bans the hunting of the blue, 
humpback, right {Eubalaem ck/afej, 
bowhead (fla/aena mysficefus), and gray 
whales ffsctehfius ajtasj.>(Small 
subsistence catches of humpback, gray, 
f and bowhead are allowed.) • 

The'overall quota set for the 1981 
season is 13,900 whales, a sharp decline 
from the 46,600 killed per year a decade ' 
earlier But even with protection,.lhere is 
little sign that whale stocks, except for the 
California gray whale (fccMM/s 
fobuslt/sj . are recovering. 
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Population ol selected endangered 
and threatened species. 1947-1979 
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Populations of many birds and large mam- 
'mats are dangerously tow, This results 
from habitat disturbance and destruction, 
pollution, increased competition from 
introduced species, and ovetharvest. 
Among vertebrates, the International Union 
for the'Gonservat:on of Nape and Natural 
Resources has identic p species as , 
endangered, vulnerable, tjr rare. The list 
includes 270 mammals, '53 birds, 28 
amphibians, 108 reptiles Jand 179 iish. It 
does not include thousands nf invertebrate - 
species which arebelieved,to be endan- 
gered and more than 25,000 vascular 
plants regarded as er^ngered, threat- < 
ened, or rare. ■ 

A num&at of well-known endangered 
and threatened animab,for which data are 
•available have been selected. 

The African elephant (ioxodonfa afri- 
canaj is found in an area of about 3 , 
million 'square miles thr oughout most of 
the continent, ft century ago, estimates 
placed the number of African e ephants at 
nearly 10 mior, In 1975, there were an. 
estimated 5 million. The Jatest survey 
(1979) reports that populations have 
deceased to about 1.3 million. Evidence 
of massive slaughters have been seen in 
Ugarda, Poaching for ivory and the loss of 
habb! to new farmlands, other develop-' ■ 
menl, and desertification are also respon- 
sible for bringing about a decline in the . 
African elephant populations, ' 
"•" The black rhinoceros (Owes bam) 
lives in 17 countries in easlern and south- 
ern Africa. It is killed primarily for its horn, • 
Measures are being taken by African ( 
countries and others to protecl the black 
rhinoceros and control illegal horrhtrarie. 



The Bengal tiger (Panto liyistigiis) 
is protected over mi. :h of its range in 
southern, Asa, but p -jtection is not always 
enforced, in India, as a result of strict 
enforcement, the population increased 
from 1,827 animals in 1972 to 2,484 in 

1578. Its forest habitat continues to be 

altered by expanding agriculture and urban 
settlements, 

Six of. the seven species of sea turtles ■ 
are endangered. Kemp's (Atlantic) ridley 
turtle (Lepitfoc/ie/ys /tempi) inmost 
endangered. There are at present 500 lo 
1,000 nesting female^ on a beach in 
■ Mexico. Scientists are trying to create 
another nesting beach at Padre Island , 
National Seashore m Texas. Because the 
sea turtle is migratory, a global strategy is 
needed to protect the remaining" popula- 
tion. ' ■ _ 

The mountain-gorilla (Goiago^/a- 1 
bemgei) lives only In the forested, moun- 
tainous areas of western Rwanda, south- 
west Uganda, and eastern Zaire in central 
Africa. In I960, estimates placed their . 
numbers at 400 to 500; as few as 200 . 
were thought to exist in 1978, most of 
these in Rwanda, Its range is mostly withir^ 
national parks and game reserves, but 
these aceas are under stress from expand- 
ing cattle grazing and banana plantations. 
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: r.e gotcen [son marmoset {Leontopithe- 
a;s"7osjS7csdfe)) is na!ive*lo Brazil's ' 
soulhtfasiefn'ioiest and is presently re- 
Winded to areas near Rio de Janeiro.. 
These areas are being logged and cleared 
for development, In 1968, the number'ol 
golden ton marmosets was estimated at 
'600; m 1971, a! 400. Wild populations* . ■ 
were thought to oe down to about-250 in 
19/5. Bp! offers legal protection and has. 
regulated the^port of this endangered ' 
monkey Captive breeding programs have' 
been successful botivin Brazil and the- 
United States. 

■ The Mauritius leH (fblco fwlafus), 
a bird native only to irV Indian Ocean 
» island o! Mauritius, had a total popubsjn 
o! 6 in 1974. Because ol protection efforts 
and breeding programs, 19 birds existed in 
-1978. 6 in captivity and 13 in the wild, The 
Jong-term decline jn the kestrel population 
paralleled the decrease in "the extent of' 
forests and the predation by animals 
t introduced to (he island. ■ 
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Extinct species and subspecies 
of vertebrate.animals worldwide, 
1600s*1900s 

"Breaking !h? v/eb/' George Uetz and 
Donatil Johnson, 'Enwonmnt;^ 15, n io, 
December 1974, p. 33, from J A Davis, New 
Ycrk Zoological Sociejy, the Zoological Park; 
Bronx Park, New York. January 1 9/2; and 
' ircvn fled dafa ioote, International Union for. 
the Cooservatiqn of Nalure^and Natural s 
Resources (Lausanne, Switzerland); various 
issues, 

'13-17 ' • ; 

" Extinction of species, by region; 
1980-2000 

WeglobalMQiemto fte f res/fl^i, ' 
'"Council on Environmental Quality and U.S. 
Department of State (Washington: 'JSGPO, 
1980), v. 2, the technical report, table 13-30, 
p. 331, 

Projections,aseume a low deforestation 
case from 1975 to the year 2000, Of the total 
of 3 to 10 million species, lOVareinlhe 
virgin forests of ihe Amazon, 5% in African 
tropical 'orests, 10% in Souin and Southeast 
Asian tropical forests, and 75% in oceans, 
fresh water, nontropical forests, islands, vie. 
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Whale exploitation, by species, . 
pre-hunting%ough the 1970s 

Whale abundance: "The status pf whales," 
Victor B. Stf afer, fefc drmeri v, 29, 
n, 1, 1976, . X ■ , ' 
Whale caio , 1920-1970, except mmke: 

. Jhe whale problem: A'sfafos report, William, 
E, Schevill, eb. (CambrrJge, Mass.: Harvard 
University Press, 1974). table 13-t, pp. 306- , 
307. 197M978, except minke; lotem'ml 

Hitting sfatofe Committee for Whaling 
Statistics (Sandefjord, Norway. 1979), LXXXIII, 
table b f p. 12. 1989-1978, minke: Mm- 
dona/ wMfng slafcl/cs, Committee for 
Whaling Statistics (SandefjowJ, Norway, 

"l979UXXXIII ( tableZ 2 t p.;.7, 

Catch data lor minkp are not available fo r 
years prior lo 1968. 
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Population of selected endangered 
and threatened species, 
1947-1979 

African elephant: "African elephants { ' 
slaughtered,", Baynard Webster, We;v YorA- 
, te,JuneiO,1980,pp.CNC2. 

^Blac^ fhinoceros: "Rhinoceros background 
sheet," World Wildlife Fund (Washington, 
D,C,S.p!emberl979) r p.4 from Interna- 
tiona! UnionJor the Conserval'on'ol Nature 
and Natural Resources. 

Bengal tiger; Red. dafa book, international 
Union for the Conservation of Nature and 
Natural Rescues (Gland, Switzerland, 1972), 
v.i. middle )wbookM-)N9, 
World Wildlife Fund"(Morges, Switzerland, , 
1979), p. 59. 

Kemp's (Atlantic) ridley sea turtle: "Experts 
gather to talk turtle," Constance Hoiden, f 
Sconce 206:1383-1384 (December 21 
1979). . 

Mountain gorilla: "Mountain gorilla (Gortf/a ■ 
gorikb$mg&) status (1980) with some refer- 
ence to other gorilla species," Diane Fossey. 
June 1980, p. 2, "Endaegered mountain • 
gorillas killed, raising the possibility of 
poachers," Thomas OToole, Washington 
Posf t July 30. 1978. 

Golden lion ma.'moset; fledtfafa booK 
International Uniorr for the Conservation of 
Naiure and Natural Resources (Gland, 
Swiinland, 1974), vJ/W.^'e pot of gold 
ha, 1 , rainbow?/' CTevra O. hle-nman. An/ma! . 
K ./f o/7), New York ZooLjical Society, ' 
February/March 1976, p 4. 
- Mauritius kestrel: WorW w/WMe yearbook 
7975-/979, World Wild'ile Fund (Morges. 
Swtoland l J 1979),p,137. 

'The International Union for Ihe Conserva- 
tion of Nature and NalurarResources (IUCN) 
defines endangered species as those "in 
danger of extinction and whose survival is 
unLkely if the causal factors continue opera! 1 
! ,v .g." Vulnerable species arc to move 
into the e.i^angered category in ine near 
future if the causal (actors continue operate 
ing. n Rare^species have "saai! world popula- 
tions that are not at ; sent endangered or - 
vulnerable but 'are at iv ." (fiep dala book, 
International Union lx the Conservation Of 
Nature and Natural Resources (Gland, 
Swjlzerliind, 1977)i v: 3.) 



All 7 species shown here, except the Afri- 
can elephant, are listed as endangered by 'he 
IUCN The African elephant is listed as 
threatened (comparable to IJCN's category 
ol vulnerable) by the U.S. hsn and Wildlife 
Service. 

B!ac> rhinoceros data are lor those in 
Kenya end Tanzania only, but similar declines 
are occurring throughout Ihe rhinoceros's • 
range, 

Bengal tiger data are for those in India 
only, 

Kemp's (Atlantic) ridley sea turtle data are 
for nesting -females. 
Marmosets vi- j. ;oca.!ed tamarins. 



55-i ■ 



323 



Oceans 



The oceans of the world cover more than 
two-thirds o? the earth's surface. They^ 
contain more than 97% of the world's 
water.Oceans moderate and influence the 
earth's ci;mate and provide most of 'he 
water vapor that returns to the earth as 
rain. One-third of the planet's oxygen 
comes f r -n marine phytoplankton. Marine 
fish may provide as much as 10% of the 
animal protein consumed by humans. The 
oceans are also the earth's principal 
filtering system. They decompose and 
recycle wastes from rivers and streams 
and are the final burial sit*. tor most 
materials that arp not recycled. 

The world's oceans can be divided into * 
two zones: coastal and open. The coastal 
zone constitutes about 10% of the total 
ocean area and includes waters covering 
the' continental shelves and slopes. Coastai 
waters are rich with sea life, from micro- 
scopic phytoplankton to great schools of 
fish. They are aiso the receptacle for 
wastes from rivers, direct runoff from the 
land, oil spills, and ocean dumping. When 
pollution occurs in marine waters, .it is 
most likely to be observed first in the 
coastai waters, and its'effects are likely to* 
to be serious tnere. 



The deep waters of <he open ocean, 
usually 300 feet (91 meters; or more in 
depth, are mostly out of contact with 
coastal water and surface waters. The 
mixing of the deep and surface waters 
may take hundreds, even thousands of 
years, depending on the basin involved. 
Much of the manmade wastes dispersed 
to *he open ocean are stNUn the water 
column: litter, plastic, and oil slicks are 
found in surface waters- DDT and other ■ 
chlorinated .hydrocarbons are found in 
open ocean organisms; and radioactive 
isotopes of strontium and cesium from 
nuclear bomb detonations can now be 
found at depths of 1,000 meters. The open 
ocean changes slowly, but once changes 
do occur, they are not likely to be re- 
versed q,. ckly nor modified easily by 
humans. 
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World commercial fish catch, 
1950-1978 



World fish catch . jp/o from marine 
waters and 8% from fresrvwaters. . 

Fish caich incease'd dramatically from 
the 1950s to the eaNy 1970s. The sharp 
decline was a result o! : tfte precipitous 
drop \n the harvest of anchovies (En- 
'yrauius ringens) off the coast of Peru. This 
fishery was almost elimin.a:3d by overfish- 
ing and by a rapid influx of warm water 
1972, which greatly reduced nutrient le* 
and numbers of fish. The anchovy fishery 
has not recovered, and less than 1 million 
tons are harvested yearly. 

Except for anchovies, the world fish 
catch has continuechto increase, but the 
kinds of species harvested have changed 
over the years. There has been a decline 
in some -of the most prized fin fish species, 
such as the Atlantic cod and the flounder, 
and an increase in cr^- Oceans (shrimp, 
crabs) and mollusks (clarrfs and oysters). 

Increasingly, countries are managing 
their fisheries. The United Nations Food 
and Agriculture Organization estir iates 
that the world fishery yield of conventional 
species could be sustained at sbout 120 
million- metric tons per year it all countries 
were to manage the r fisheries on an 
optimum basis. (Optimum. yield means lhat 
the catch is regulated to ensure the 
greatest overall benefit to society in te<m^ 
of foocf production and recreations! oppor- 
■ tunities over the long term.) Other taperts 
p - jdict that world fish catch cannot be _ _ . 
sustained much above the current produc- 
tion level of 75 million metric ^ons per 
year 
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Areas of marine pollution, 1970s 

Despite their vast extent, oceans can be 
poMuted and degraded. Most marine 
pollution originates on land and passes 
through trie coastal zone first — through 
nver discharges to bays and estuaries, 
thiough direct discharges from coastal 
outfaHs, and from vessel discharges as a 
result of deliberate dumping or accidents. 
The atmosphere also transports pollutants 
from iana to sea, particularly radioactive 
fission products (cesium-137, strontium-90), 
metallic compounds (tetraet-yl lead), and 
synthetic chemicals (DDT). 

Marine pollutants can be classified into 
five categories: metals, synthetic chemi- 
cals, petroleum hydrocarbons, radionu-. 
elides, and solid wastes- The effect of a 
pollutant depends on where it is disposed 
(garbage and litter can greatly reduce the 
quality' of an estuary but may have tos* 
"effect in open ocean), how k-^g it stays in 
the water, and the nature of the substance 
itself. 

Coastal pollution occurs primarily in 
areas of high population densr. '.nncen- 
trated industrial activity, and alonv ,ajor 
shipping lanes where intentional dis- 
. charges are the most prevalent source af 
spills. Half of all oil tanker acridents, too: 
are in ports or port app f ichec r-'v ■; 
neavily trave ! ed shipping jnes ia.-i- 

ose, North American, and Eurr v 
, waters. 

Mo r : materials dumi> : J into the ovoans 
are decomposed or recycled through 
natural processes. Mujh of the material is 
finally deposited in bottom sediments, 
where it remains unless disturbed 3nd 
reintroduced into the wate; column. Radio-' 
active isotopes. DDT, and other synthetic 
organic compounds are not easily decom- 
posed; j.hey can build up in the water and 
sediments and accumulate in the tissue of 
ocean organisms. 



Attempts to control ocean pollution have 
been aimed primarily at oil and radioac- 
tivity. More recently, control of dumping 
wastes ?t sfsu °as boer instituted. w.^der 
the Lc-don Convened o? 197° tQ e i gna- 
tory countries now issue permit tor ocean- 
dumping of dredge spoils, sewage sludge, 
and industrial wastes. Special permits are 
required for dumping of low-level rad^c 
active wastes. No high-level radioactive 
waste dumping is permitted. 

There is no global international conven- 
tion covering land-based sources 0? pollu- " 
■ tion entering the water or the atmosphere, 
but initial steps are being taken. In May 
1980, nation-, bordering the- Mediterranean 
Sea signed an agreement on the protec- 
tion of the Mediterranean from land-based 
pollution. However, pollu 1 ' .« from riveiS.' 
and coastal outfalls is still largely un- 
touched internationally. 
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World oil spills from (ankers, 1973-1979 
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Oil is discharged into the world's oceans 
from atmospheric fallout, land-based 
runoff, routine tanker and ship operations, 
tanker accidents, and offshore drilling 
activities. 

The amount of oil reported spilled into 
oceans from tanker accidents has been 
increasing, but ore large spill can so • 
the data that trends are not easy 



to discern. T ne large increase in lie 
amount of oil spilled from tankers in 1979 ; 
for instance, resulted primarily from the 
collision of two supertankers, the Maa'/c 
fmpress nd the Aegean Captain, in 
which 158,000 tons of crude oil ^'ere 
discharged into the Caribbean, 50 miles ' 
northwest ol Tobago. - 



In addition, an enormous amount of 
oil — 325.000 tors {.TO than 100 million 
gallons)— was spilled in the ci! well blow- 
out inCampeche Bay, off Mexico, during 
1979 and 1980. 



Tanker accidents account for a rela- 
tive small portion of the oil discharged 
into the sea from tankers, Cleaning and 
ballasting operations are believed to 
discharge several times more oil in vol- 
ume, but as international regulations 
lighten and as the value of "^aste" oil in 
tank washings increases, these forms of 
o;lpollotion are likely to dintlnish. . 
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Worid commercial fish catch, 1950-1978 

Nations: Ocear .z and Atmcsphenc Acrvnis- 
!v.-'or: Nat.onai Marine Fssr.enes ServiC-j 
.'V.'i:..r. rg*c. USGPO. 10- "^J. P 2-'. 
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Araas of marine pollution, 1970s 

; »£)■ Pc ' '-or , \ r.J >r re r >na ?.-ona <' r "oc/v .^o f c r 
*;:„'> ; ::es, United Nations Food Acncul- 
:ut'-' Organization /Rome. 1D t'i. wc*ic food 
orc;v'err.- , n. 1-5. fig. 1. 

To" largest c ; i sp.ns News release. U.S 
Coast Guard. Seoternoer 1979. 0.7 so/// /n-:eA7- . 
gonce report. Center fcr Short-Oved Phe- 
ncmena, Cambridge. Mass. (August 10. 1979). 
v 2, n 32. p 2. 

Sites of major sp : 's shown on the map 
refer to the 10 largest tanker arcMv-nts 'md 
oil well blowouts between lOG/\ind 19'," * A: 
least 60,000 tons of oil were tost in eacn sp ■! 
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World oil spills from tankers, 
1973-1979 

•'Newsieiter— worldwide fa-'- esses and 
oi; son - — vjII years." Tanker .-.ovrsory 
Center. I' - . New Yt r- (Apr:'. 19?:=; 

( Ca;a sre based on reports c , agents of 
Lloyd's of London. Tnese inc' .vie accicenis 
les-^ng in insurance ciairr ■ .^nd otner known 
as '-.cents m sseans. estuanes, and fresh 
water Accidents were caused by weather 
carnage, st'anc>ngs. coiiiSiCns. otner contact 
(rammed dock or moored vessel), f: r es and 
exp'ossons. rracninery damage, an*; other 
mishaps (lost anchor, crew nec/gc- ce, steer- 
ing trouo'e. breakdown at sea, c-t^.y. 

Data are for accidental spills from tankers, 
ere/oil earners, and bjlk/oil carriers caoabte 
of carrying at least 6.000 tons of cargo and 
fuel oil. Operational discharges (for ex?.Tpie.« 
those orcurrir..; when tan^s are cleaned) and 
spills from liquid gas carriers are excluded. 



55 j 



Atmosphere 




si.cn as tr.e >a:ge-sc<;'e combustion ol 
tosoi fueiS 



West atrosphenc p jilution js local or 
regional. But two P'ob ems are global: the 
growing quantities of cnlorofluorocarbons 
thai are being emitted and dispersed into 
the upper atmcophere, where they can 
cause the breakdown of stratospheric 
ozone, thr:-- c<-*m'tti r g increased ultraviolet 
radiation to re.u. n e;vth; and the increas- 
ing atmosphere concentration ot carhon 
dioxide, which -nay have long-term im- 
pacts on tne earth's climate. !n both 
cases, me chances are very gradual, are 
not well understood, and are ditf.cult to 
measure, tx.:. once underway, they may . 
be virtually impossole to reverse. 
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ChSorOiiuc; ^methane production, 
13C7^1977 

Cr:oro- 'jOi v.--.: ^oes (CFMss, a g r :?up of 
en crclv.o; :. . " .is. are used as propel- 
uris m ae r oso ; s, as refrigerants, and as 
:-!o.ving agents for insulation anc otnsr 
foam products. CFM> soray aerorr , 
a f e released d-ed 1 .- ». #"e a fr- v^onere. 
. T hose m'ai? conditioning and refrceration 
s^ems and in 'cam predicts ieak into 
:~e rrosofcere from poo r v maintained 
systems # .1 iil-managed csposa; 
Once in atnoso^erf . CFMs slc.viy 

' " j ir/* StratOSD^e'e tne «3y6' 

mou b ;j 30 mi'es above the earth. 
Tnsre. CFMs disassociate, releasing free 
choline that reacts witn ozone, causing it 
to degrade into free oxygen. Ozcr y 
screens the earth from much of the sun's 
damaging ultraviolet radiation The ozone 
concentration, in tne stratospheie is esti- 
mated to hav;? already declined by 2 c 'c as 
„ a r esuli of reaction with C r Ms. 

After steady and rapi ■ '. wth, world 
production of CFMs has : crooned at 
roughly pre 1973 levels, largely as a result 
of a U.S. ban on their use"' "i aerosol 
propellents. Four other countries have ' 
Jimited the production of CFMs for use in 
aerosols: the Netherlands. Canada, 
Sweden, and West Germany. Since CFMs 
do hot easily break down into other com- 
pounds m the lower atmosphere, tne 
cumulative amount in the stratohere 
probably conlnues to grow. 

With the present release rates ot CFMs. 
it is estimated that stratospheric crone 
could "be reduced by 16.5% witnm me 
no/: century, causing a 44 c ; - increase, in 
tne amount of ultraviolet radiation readme 
earth. These changes'would increase the 
potential tor health hazards, including a , 
50% to 100% increase in the incidence 
of skin. cancer, a decline in the yield cf 

some crops, anc 'damage to aouatr 
r — #-m. 
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Carbon dioxide concentrations in air, 
1958-1979 ' 



The biosphere contains a,complex mixture Changes in temperature cause by 

of carbon compounds in a continuous : increased^ concentrations tot would 

s siate of formatfon. transport, and cJecom- have occurred over the past 100 years 

Pans per million ' . ' position. A central role in this carbon cycle may be too srrlati to be d.st.ngushed fram 

3tSP • • ' iTptayeo-by carbon dioxide (C0 2 ). which is natural warming and cooling cycle and 

350r. ' • Jen from the atmosphere and used by , the thermafinertia c t he 

•' •'• . plants to synthesize food. When plants are ever, by the time a definite CO^pec 

345 L , ^U«M warming.rendisdetec.ed, cou ^ 

• J C0 2 isreleasedbacktothea.mosphere.A difficult to avoid or averse the«e. ; , 

3*01 , • similar carbon cycle takes place in t^e changes because of thes low. a 

340 ■ ' oceans where CO* dissolves in water, is ' which C0 2 .s removed from the atmos- 
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taken up by phytoplankton during photo- phere by the oceans. 

synthesis and released to the water during, 

respiration and decay. 

. ~ Largely because of increased burning of 

Mauoa Loo, Hawaii^ ^ ^ ^ mUm h , he 

atmosphere' are increasing. Readings at 
Mauna Loa, Hawaii, and at the South Pole, 
Antarctica, show a 7% increase over the 
past 21-years. Since the beginning of the 
industrial era, C0 2 concentrations in the 
atmosphere have increased by 15% to' _ 

25%, . 
■ , 4 * C0 2 concentrations maydwble over 

preiffdustrial concentrations by the year . x 
2050 if global iossil fuel use were to grow\ 
at 2% per year. Increasing rates of , 
i ' ' ' deforestation may add to this trend. With ' 

an increase in C0 2 concentrations, some 
of the radiant heat that is reflected from 
— j , the earth back into space would be held in 
5 1960 1970 1980 »\ the lower atmosphere. If a doubling of the 




C0 2 concentration were to occur, average ' , . , _ • 
global temperatures near the ground 

would be expected to rise a few degrees , , .... ^, 

celsius, As a result, there could be signifi- , . ■ 

cant geographical shifts in the location of 

■ J j '. agriculturally favorable areas, an / 

increased temperatures, ice sheets and' 
glaciers might begin to melt, with ocean 
levels 'increasing by several feet dver the 
following century, \ ,\ 
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Sources and technical notes 



13^23 fc 

Chlorofluoromethane production, > - 
1967-1977 ^ 

. Stratospheric ozone depletion by halocar- 
Pons: Chemistry and transport, National 
Academy of Sciences (Washington. D.C.. 
1979), p. 21. 

Chlorofluoromethane production shown 
includes the total of the compounds F-11, 
F-12, and F-22. which are about 95 peicent 
of the chlorofiuoromethanee produced. 

13-24 * . N * 

Carbon dioxide'" concentrations in air, m ; 
^958-1979 ' 

"Atmospheric carbon dioxide concentra-. 
tion. the observed airbor;V; fraction, the fossil 
fuel airborne fraction, and the difference in 
hemispheric airborne fractions," R. B. Bacas- 
tow and C. D. Keeling, in Scope f6: Global 
carbon modelling, B.BoIen/ed- {London: John 
Wiley arid Sons. 1981). 



List of illustrations 



Chapter" 1 

People and the land • * 

Land and climate « • » * " 

i-i * Physical characteristics of the United States. 2 
1-2 C1:matic zones of the United States. 3 

Population totals and distribution 9 ' 

«J-3 Population distribution. 1970. 4 ' . " \- . 

^\4 Total population. 1900-1978. and projected to 2025. 5 . 

1-5 Population growth rates* 1900-1978. 5 ' % 

1-6 Population, by region, 1950-1978.-6 * 

* 1-7 Population growth rates, by region, 1950-1978/6 

1-8 Population density along major coasts. i$?76. 7 

1-9 Increase in population density along major coasts. 1940-1976. 7 

1-10 Population in urban and rural areas, 190Q-1950.' and in metropolitan and nonmetropoiitan 

areas. 1950-1978. 8 _ 

1-11 Metropolitan areas with popular increases of 20%' or more. 1970-1977.9 : 

1-12 Population migration; 1970-197^. -Q 

1-13 Population growth rates in metropolitan and nonmetropoiitan counties. 1950-1977. 70 

1-14 Population change in nonmetropoiitan counties. 1970-1977. 7 7 . 

1- 15 Urban regions. 2000, 12 ' . b - • 

Chapter 2 ■ n >. 

Critical areas " \ 

Wetlands. ' I 

2- 1 Natural wetlands, 1954. 76 " „ . \ 
2-2 Total wetland acreage, presettlement to 197% 18 ■. j \ 
2-3 Wetland acreages, selected States, 1850-1975^79 

2-4 Use of filled wetlands. Maine to Delaware. 1955-1964. 79 -> k ; 

2-5 State programs protecting^etlands and coastal areas. 1978. 20 

' Wild areas : \ 

2-6 National Wilderness Preservation System. 1978. 22 

2-7 Designated and proposed wilderness areas. 1964-1979. 24 . 
2-8 " National Wfld and Scenic Rivers. 1978. 25* " 
2-9 The National Wild and Scenic Rivers System, 1968-1978, 26 
2-10 The National Park System. 1979, 28 - „ 

•2-11 National Park Service units, 1872-1978, 30 
2-12 » National and State park acreages, 1872-1978. 31 

2-13 Representation of natural regions in the National Park System. 197Q. 32 . 

2-14 Visits to National and State parks. 1954-1978. 33 n A * 

2-15 Overnight stays in National Park Service-operated campgrounds, *1 960-1978, 34 ^ . 
^ 2-16* The 10 most popular National Parks. ,1978. 35 . ^ 

Historic places ■ * 

2-17 ' Properties on the National .Register oi Historic Places. 1968-1 9/8, 36 . 
* 2-18 Properties on the National Register of HisVric Places, by type. 1978. 37 
2-19 P/operties removed from the National Register of Historic Places. 1971-1978. 37 

Risk zones ■ ■'■ . * r. 

2-20 Urban population and lands affected by stream flooding, by Water Resource's Region. 

1967. 39 . 

2-21 Hurricane risk along the Gulf and Atlantic coasts, 40 
2-22 'Frequency of tornadoes, 1953-1962, 41 „ . 



565 



l.'v.V .••••.,...;-u.,..335. 



J 

■ 



2-23 Ear^quake risk zones, 

2 24 Loss ol life froni selected natural disasters, 1900-1977, 42 
^-25- Property damage from selected natural disasters, 1900-1977, 43 



Chapters . - 
Human settlements 

Settlement patterns ■ • 
3-1 ' Standard Metropolitan Statistical Areas; 1950, 46 

3-2 *$tafldard Metropolitan Statistical Areas, 1978, 47 

3-3 Population in suburban areas and central cities, 1940-1978, 48 

3-4 Population density ( vby location, 1940-1978, 48 

36 Land use in Standard Metropolitan Statistical Areas, by region, 1970, 49 

Housing units * 

3-6 Coniposition'of housing stock, by type of unit and location, 1977, 50 
3-7 Composition ol housing slock, by type of unit, 194Q-19?7;50 
3-8 Occupied housing units, 1900-1977, 51 
3-9 Occupied housing units, per 100,000 population, 1900-1977, 51 

Housing conditions 

3-10 Characteristics of new single-family housing units, 1966-1978, U 
3-11 Characteristics of new multifamily housing unils, 1971-1978, 53 
3-12 Condition of housing, 1940-1977, 54 / 
3-13 Homes withseiected major electric appliances, 1950-1977, 55 
3-14 Overall opinion ol living unit, by location "1 977, 56 

Neighbothood conditions ■ 
3-15 Overall opinion of neighborhood, by location, 1977; 56 
3-16 Inadequate-neighborhood services, 197H977, 57 
■ 3-17 Neighboring deficiencies, 03-1977, 58 



Chapter 4 • 
Transportation i 

"Traosporfafton syste/ns 

4-1 ■ Major transportation networks, 1925-1978,62 
4-2 Transportation vehicles, 62 ' \ 1 
4-3 Sales of specialized yehicles, 1961-1978, 63 

tiwol the system ' - 

4-4 Local passenger travel, 1950-1975, 63^ 
• 4-5 ""Principal means^i transportation to work, 1960-1977, 64 

4-6 Principal means ot transportation to work, by location, 1977, 64 ' 

4-7 Interciiy passenger travel, 1929-1977, 65 
, 4-8 Intercity freight transportation, 1929-1977,65 •■ 

4-9 Major pipeline^ 975. 66 

Itnpscts on the environment 

4-10 Energy consumption, by mode ol transportation, 1965-1977, 67 
. 4-1 1 Energy intensity lor freight transportation, 1976, 68 
4-12 • Energy intercity for local and intercity passenger travel, 1976, 66 
,74-13 Automobile fuel economy and Standards, 1940-1985, 69 
4-14 Automobile emissions and"'standards, 1957-1965, 70 
4. y evelsol surface transportation vehicles, 1971, 71 
ih KJ Ciion exposed to noise at 23 major airports, 1972, 72 



Material use and solid waste , ,. 

Material use •' 

5.1 Flow of materials, products, and solid wastes, 1977, // 

5-2 U.S. material consumption, 1948-^.978. 78 • 

5.3 ' US. material consumption in relatien to gross natwnal product, 194B-1978, w 

W U.S. material consumption per capita, S2 , 

So//d waste , . ' , 07 . ,07? w 

5-5 * Solid wastes disposed of by manufacturing industries, 1974-19/7, 84 
5-6' Hazardous waste generated by selected industries, 1975 85 

5-7- Industrial hazardous waste gener-,ion;by EPA Region 1975 85 
5-8 Consumer solid wastes disposed ol and recycled. 1960-1978, 86^ 

5.9 Consumer solid wastes disposed ol, by materials, 1978, 86 
5-10 Recycied consumer solid m tes, by material, 1960-l97o, 87 . 



I Chapter 6. / 

Toxicsubstances 

■ 6-1 Selected toxic substances, 90 , 

"'^ . ITtpmiimd pesticide production, by type! 1^1^78. 92 .. -'~\ . ■ , , 

6-3 lnsectic3oductk by type of chemical, 1960-19/a. w . ' i .' 
6-4 Selected herbicides used by farmers on crtps. 1 ^; 1 f n 6 7 f 0 . i 

6-5 Selected insecticides used by farmers on crops, 1964-1976, 96 * ■ . 

,; . 1968-1976,96 ■ '• ". 

6-7 Pesticide residues in lish and birds, 1966-1976, 91 . 
• 6-8 Pesticide residues in human tissue, 1970-1976,98 • 

■ 6-9 Production ol selected industrial chem«;als.-1950-197B, 100 

6-10 Flow ol asbestos in the environment, ... ■ • 

6-1 1 PCB residues in lish and birds, 1969-1976, t02 . •' . ' . 

6-1? PCB residues in human tissue, 1972-1976, 702 .„ , 

6-13 Sneer deaihs associated with vinyl chloride and polyvinyl chlor«3e. 1942-1973, ,03 

6-14 1 Cancer deaths associated with asbestos, 1959-1977, 104 

&15 Primary demand lor selected metals, 1954-1978,1(16 ■/,.•' 

6-16 Row of mercury in the environment, 107 • 

6-17. Cancer deaths associated with metals, 1940-1973, W _ 

'fladiat/bn , • ■ : r : 

1962-1976,1)2 ' " • 

■■ e-21 Radiation exposure of special populatidfTgroups, H3 
6-22 Relative risk oi cancer Irom radiation, 1946-1974, 114 . 



562) 



Chapter 7 

Cropland, forests, and rangeland 



Cropland 



7-1. 
7-2 
7-3 
7-4" 

7-5 

n 

7-7 
7-3 



Ctopiana, l!i - ' 
Uses of cropW, 1949-1978. 779 

Prime Jarmland. f 79 

' 'Pnme farmland lost lo urbanization and water projects, by. farm production region. 
■ 1367-1975. 120 ^ . . , 

Agricultural production, 1960-1978. 121 

Agricultural inputs, 1950-1978. 722 

Sheet and fill erosion from water on cropland, by State, 1977. 124 

Wind erosion on cropland in the G;aat Plains States, 1977; 124 



Fotr's 

7-9 Forests, f26 . 

7-10 Ownership of forest land, 1977, J27 \ \ 

711 Commercial forest land, by region and ecosystem, 1977, 123 
7-12 Sawlsnber growth and Harvest, by type, 1952-1976, 130 
7-13 Sawtimber growth and harvest, by region and ownership, 1952-1976, ?3! • 
'7-14 Sawtimber growth and harvest in two regions, by ownership. 1952,1976, 132 
7-15 Poundwood riarvestjy product, 1950-1976, t33 , , s 
7-16 Forest conditions. 1950-1978. 734 
7-17 Recreational use of the National Forests. 1965-1977, 735 
7-18 Recreational use ol the Natiunai Foists, by activity, 1 977, 736 

» 

Ranged 

7-19 Rangeland. 733 

7-20 Ownership of rangeland, 1977, !39 , 

7-2 1 Rangeland, by ecosystem, 1976, 740 . - . 

7-22 .Quality ol rangeland, by ecosystem, 1976, 142 

7-23 Productivity of rangeland, by ecosystem, 1976, 744 



Chapter 8 

Wildlife , 

6-1 Distribution^ vertebrate species and n.ajor subspecies, by region, 1970s, % 

Ma wis * • ' „ ,'■ - nci 

8-2 Selected large mammal populations on Bureau ol land Management lands, i9bi-ia/j. 

150 " ""*\ 

83 Selected large mammal populations in National Forests and Natibhal Grasslands, 1960- 

'978, 157 

■wils removed orkilled by Federal predator control activities. W 7-1978, 152 

t 

Bird species observeo, 1968-1977, '52 

' 8-6 Selected bird species populations, t/u6-1977, 754 ' 
8-7 Most frequently observed breeding bird species, 1977, '55 
8-8 Distribution of North American breeding, and wintering ducks, 1970a, 156 

'8-9 Duck Weeding populations in North America, 1955-1979,157 
8-10 Duck harvest, by flyway, 1952-1978, 758 

; 8-11 ^prown pelican populations and toxic residues in eggs, 1969-1976, 759 



ERjt 



Fail' : 

3-12 DaribuW of fish species and major subspecies, by type of environment and region, 

t 1970s, r60 ' . . ■ 

8-13 UJStal fereign fish catch in US. waters. 1950-1979, f$f 

6-14 US, and foteign catch of ffilece* fish species in If.S voters, 1950-1973. '.$> 

8'iS Estuario; habitat lost to dredging aad filling, 1950-1969. 564 

8-16 Fish kills caused by pollution, 1931-1978, J65 

6-17 Extinct vertebral^ species .gnd subspecies. 1750-1979, 166 

g,s3 Threatened ana endangered animal species in tne United Slates, December 1979. 16* 

3-19 PoputoiiM of selected threatened and endangered species. iMl-f 979. 763. 
8-J 



Condition of seteclea threatened and endangered species, 769 



Chapter 9 
Energy 

Consii/np'w and product/on . ^ / 1 

9-1 Energy consumption, by fueiiype,, 1850-1978, 176 / . , 

9.2 Energy consumpliol by fuel type, .1950-1978, 777 

9.3 Net trade in energy Wurces, 1950-1978, 778 . 
9-4 Energy production, by fuel type. 1850-1978.' f 78 

9.5 Energy pwduction, by fuel lype, 1950-1978, 780 . ; • 
9-6 Energy flow in ihe U.S. economy, 1975/ 181 • 
9-7 Energy consumption, by sector, 1950-197-'- 782' 
9-8, Energy consumption, by end use, 195019/8, f83 ' 
9-9 flesidential heating, by fuel type, 1940-1975, 784 

9.10 Residential healing, by fuel type and by county. 1970, 7c'4 ',...„■»" 

9.1 1 Per capita energy consumption and gross domestic product for tour nations,, 1961-1977. 

786 ' oo ., v 

9-12 "Energy consumed by sector for m nations, 1972, 788 

• Fuelcycles - y ' 

9-13 ' Energy supply systems for loss') fuels, 789 

9. 14- Coalfields, 1970s, 790 

9-15 Coal production, 1900-1978, 791 , . 

9.I6 Land disturbed and reclaimed by the coal mining industry, 1930-19*8, m 

.9-17 Streams affected by acid mine 792 

918 Coal mine deaths from accidenls. 1906-1978,. 193 

. • 9-19 Natural gas and petroleum fields, 1970s. 194 . , 

9-20 Natural gas andnil production, 1950-1978. 795 

9-21 Liquiliednaiuralgasf^ililies,l980 ; 796 

9-22 The nuclear fdel cycle, W ' ■ 

' 9-23 'Nuclear reactors built, being bull; or planned, September m uficerraerisflu* , . 

9-24 Nuclear reactors,' December 1979, 798 ' . 

9-25 Nucle'ar power generation, 1957-15.79. 200 * 

9-26 Low-levei- radioactive wastes disposed of, 1962-1979, 20! , , , 

9-27 Radioactive waste disposal site' 1979,202 ' 

9-28 Production of hydropov,er, 1950-1978, 203 

9-29 Geothermal resources. 1970s, 204 

9-30' Production ol electricity from geolhermal resources, 1970-197?. 205 

9.31 Solar collectors manufactured, W-W ' "% , 



56 



0 



337 



Chapter 10 
/Water resources 

10-1 -Tne nydroiagic cyc ; e. 
:C-2 ?/ate r resource recors. 1975. 21 1 
10-3 Average annual precipitation. 1931-1960, 212 
10-4 fvaiiaoie grouna water. 1W5. 213 
-5X3*5 Ground water witndrawals, 1975, 214 
Ground water overdraft, 1975,215.. 
Average aeamfiow o! largess, 1941-1970, 216 
inadequate surtacejwater supply for msiream use; 1973; 217. . 
flooding proD>r^i975, 218 



Water 



, jse. 1900-1975,219 ■ • /= 

Water withdrawal, by use, 1950-1975, 220 ' 
Water consumption, by use. 1950-1975, 221 • 
Water withdrawal and consumption in The Pacific Northwest and California regions. 

1960-1975.222 •. . „ , • „. at 

10.14 Water withdrawal and consumption m the Great Basn Upper Coorabo. ana Lower 

Cctoraao regions, 1960-1975,224 „ jn o j 

10-15 Water withdrawal and consumption m the Missouri. Arkansas-White-Red. Rio Grande, 

and Texas-Gulf regions, 1960-1975.226 . , 
10-16 Water withdrawal and consumption m.the Souns-Red-Ramy, Upper Mississippi, an* 

Lower Mississippi regions, 1960-1975, 228 
10-17 Water withdrawal and consumotcn in the Great Lakes, Ohio, and Tennessee regions, 

10-18 SrSS and consumption in the.New England,' Mid-Atlantic, and South Atlantic- 

Gulf regions, 1960-1975, 232 • ■ . . 

'10-19 Water withdrawal and consumption in Alaska, Hawaii, and Caribbean regions. 1960- 

. 1975,234. 



Chapter 11 

Watt quality \ ' .. ' . 

i m Sources and effects of water pollutants, 233 

-ftoeTs and streams . . ~~T • vn ... 

1 1-2 fecal coiiform bacteria, average annual violation rates, I97a : 1979, M 
11-3 Fecal coliiorm'bactena m U S waters, I978.i4.! 



3 ].i rfcCii ftwm wp« «.-•-.- - ' - , ... 

115 , Oissotyedoxygen. average annual violation rales, .9/5-1979, <M 
1 V6 Dissolved oxygen in U.S. waters, 1973, 245 . 
11-7 • Dissolved oxygch in major rivers. 1966-1978, 246 
1 1-8 Total phosphbus. average annual violation rates, 1973-197-, M . 
1 1-9 Total phosphorus in U.S. waters, 1978, 249 

1 MO , Total phosphorus in major rivers. 1966-1978, 250 ; , ; ' 

1M1 '.Heavy metals. 1975--.978, 252 

1M2 Phenols in the Upper Ohio River basin, 1968-1976, 254 , 
1 Ma Discharges to water, by pollutant and by point and nonpont sources, 19/7, fib 
1M4 Point source discharges io water, by sector, 1977, 256 ♦ 
1 M5 Foliation served by municipal wastewater systems, oy level of treatment, 1960- 978, 
258 

• takes 

11-16 Eulrophcation of U.S. lakes, 1975, 262 • 
11-17 Water qualify problem areas ol the Great Lakes, 1973, 263 . 
1MB Toxic residues ia Great Lakes fish, 1969-1976. 264 . 

Oceans "^^^ ' 

IMS Ocean dumping of US.wastes^ge, 1951-1978, 266 

11-20 , Oti spills in U.S. waters. 1971-1978. 26? 
11-21 ' Toxi; residues «i coastal mussels an/ r siers, 1976, 268 



editors cac:er.>3 a rnas? wets" 1956-1976, 242 



■ t 



er|c 



57 i. 



nrtrt C 



Chapter 12 1 
Air quality""^ 



7- 



12-' 
122 

Air: 



.1 5.* 
12-5 



12-7 

12-S 

12-9 

12-10 

12-11 



12' 12 
12 1 • 
12-li 
12-15 

12-16 
12-17 

12-16 
12-19 
12-20 
12-21 



Cjtiht ar.d noncritena y» politics, 272 

Ppt"a^ Stenssrds index values, ociuiam levels, ana health etlects. 274 1 . 

Average Pcfelaii Stanaa^dr. Kideu to? 23 Siandara Metropolitan Statistical Areas. 

-374-1976. £75 ■ ' ' : 

Po^W'i standa'cs lr.ce x m 24 Standard Metropolitan Statistical Areas, 1973-1978 276 
National ambient carbon monoxide concentrations, 1972-1978, 2$ f 
Najonal amount ozone concentrations. 1972-1977, 230 J ' 
Nanona!-anD=ent suirti? Cioxide concentrations, 1972-1977, 281 / 
National amb;eM total- suspended parlicbtete concentrations, 1972-1S77, 28? 
■Ambient nitrogen cio>;de concentrations, selected areas, 1972-1977, 232 * 
. Amsjen; trace nne-a) concentrations in 92 urban areas, 1965-1974, 233 
Acio prec'pflalior. in the eastern United States, 1955-1976, 254 

w , j ■ • \ 

Cart'on mooo*« emissions, 1970-1977: 285 
Hydrocarbon emsssns, 1970-1977. 2S6 - 
Nitrogen CJtde evasions. 1970-1977, 257 

Nitrogen o»<te cessions from stationary fuel combustion sources, by tot type, "970- 
197U37 

S^tur oxide emissions. 1970-1977, 253 ( 

Suiiur oxide emissions from stationary ?uef combustion sources, by fuel type, 1970-1977, 

253 * 

Total suspended paniculate emissions. 1970- 1 977, 289 

Totai "suspended particulate emissions from mousina! sources, 1970-1977, 239 , 

Compliance status o! major stationary air pollution sources. 1975-1979, 290 

Compliance status of fnajor stationary air pollution sources, by industry, 1979, 29? 



Chapter 13 
Biosphere 

Portion 



\ir » World portion, by region. 1600-1979, 296 / 
13-2 World popujaticn grow* rates, by region, 1950-1979, 293 1 ■ 
13-3 . Population density, 1975,293 , 
13-4 Population in urtaff and rural areas, by size of area, 1920-1975, 300 
13-5 Ten targes! ctes in tne world, 1975, 307 " , 
13-5 Peculate y regon. 19:0-1379. wUh prbjecsonsic 2000, 302 . 

Land # • ■■ 

13-7 ^Major ecosystems of the world. 1970s. 3W 
r3-8 and productivity of ecosystems. 1970s, 306 ^ 

13-9 * tropical moist forests. 1970s, 306 * % * 

13-10 Tropical moist forests, fay region and country. !9*5-l978,-3£)8 

iyi Lands vulnerable to desertification, 1970s, 3/0 ;. t ^ 

U .2 World arable tend, 1951-1975, 3/2 - ■ ■. - . : • , ■> ' > 

13-13 Arable and potentially arable ianci, by region, 1970s, 313 

13-H World agricultural production, 1954-1978. 3?4 

13-15 World agricultural inputs. 1950-1978, 315 .' 

13-16 -Extinct species and subspecies of vertebrate animals- worldwide, i600s-1900s, 353 
— ^307. Extinction of species, by region, 1980-2000, 319 : 

13-18 Whale e^oitatoby species, pretuiitagtash tne »9J0s, 320 v 
, 13-19 ' Popuiai ort ol selected endangered and threatened specks, 1947-197^322 ' 

Ocem 

13-20 World commercial lisncatch. 325 9 

13-21 Areas of marine pollution, 1970s, 326 *■ 
13-22' World Oil spills (rem tinkers, 1973-1979, 3?3 , : ; , 

Mmsph&e 

l3'23 j Chlorofluoromethane production, 1967-1977,331 * 
-13-24 Carbon dioxide concentrations in air, 1958-1979, 332 , 



Abbreviations 



-bgd 
BLM 
BOD 5 
BOM 
Btu 
CEO 
CFMs 
CNS 
CO . 
CC ? : 
COE ■' 
dB 
DDT 
DHEW 
DO 
DOC 
DOE' 
DOI 
DOL 
JDOT 
EPA - 
ERS 
.ESCS 
FAA 
FDA 
FAO 
' FC ! 
'FHWA 1 
' FS- » 
, 'FWS 
GDP ' 
GNP 
HC 
HGRS 
HHS 
: HUD , 
ITC 

!UCN . 
ko'al 
LNG 

c9. 

mg : 

mg/l 

mgmr 3 
, ml , / 

mre^i 
. NAAOS 

NADB 

NAS 
... NASN 

ERIC 



billion gallop per day • .' 
U.S. Bureau of Land-Management (DOI) 
"5-day biochemical tiyygen demand , 
U.S. Bureau ol Miners (DOI) • 
.. British thermal unit , 
Council on Environmental Quality 

chlprptfuorpmethanes < 
' central nervous-system ' 
: carbon monoxide . 



carbon dioxide 



U.S. Army Corps of ttngineerS 
decibel .: •" . 1 . 0 , 

1j>Trichloro-2,2-di{4.chroropheny)ethane ' • 
U.S. Department of Health, Education, and Welfare [now HHSj 
dissolved oxygen '\ ( • , 

' U.S. -Department of Commerce 
tj.S. Department of Energy ' , 

. U.S. Department of the interior . ^ "... 
U.S. Department of Labor ' " ,'. 
U.S. Departmen'i o[ Transportation ' , " 

" U.S Environmental Protection Agency , 
-fconomio.flesearch Service (USDA) [qpwESCSf . _ 
Economics, Statistics, and Cooperatives Service (USDA) f ormerly ERS] 
Federal Aviation Administration (DOT) 

Food and'Drug Administration (HHS) 
Food and Agriculture Organization (UN) 

'leca! coliform bacteria • • 
Federal Highway Administration (DOT) 

/ U.S. Forest Service (USDA) , 
.U.S. Fish and WrWIife Service (DOI) 
gross domestic product 
/ gross national product 

' hydrocarbons ■ ' • • • „ ,. .-i... . ., ' : < 1 
Heritage Conservation and Recreation Service (DOI) . . , 

■ U S Department of Health and Human Services [formerly DHEW] 
U.s:Department of Housing and UrbaTf3oveloprent 
1 1 o intprnational Trade Commision . ' • '. 

, infernSal uL for the Conservation of Nature a^^sources 

■ kilocalories .- . :;■ 
. .liquefied natural gas ■ . 6 

microgram- 

., microgram per liter • V 

■ microgram per cuLK' meter , 

milligram , , 

milligram per liter . . ' " • 

: .. milligram per cubic meter 

• milliliter ' ' . ' . . \ 

millirem . . '>s* 

National Ambient Air Quality Standard 

' NaJion&f Aerometric Data Bank (EPA) 

National Academy ot Sciences' 

National Air Surveillance Network (EPA) .. 

National Stream'Quality Accounting Network ,'UbGS) ■ 

National Emissions Data Bank (EPA) . , y 



NEF noise.exposure forecast \ 

NEPA National Environmental Policy Act 

NGL ' natural gas liquids 

NIH' National Institutes of Health (HHS) », • , 

NMFS / National Marine Fisheries Service (NOAA) ( , _ ( 

NO^ • nitrogen oxides 

NO, nitrbgen dioxide ' (rvv ,. 

'.NOAA National Oceanic and Atmospheric Administration (DOC) 

NPS National Park Service (DOI). 

NRC , ' U.S. Nuclear Regulatory Commission 

NSF ' 1 NaVional Science Foundation 

NTIS National Technical Infcrmation Service , 

'OECD Organization for Economic Cooperation and Development , 

••OMB* 1 • Office of Management and Budget . 

0 3 ozone- ^. / , 

0„ ' ', oxidants < •.'•••/ / 

PCB- polychlorinated biphenyl ; : V ■ 

PIRS ■ Pollution Incident Reporting System (U.S. Cpast Guard) , 

PSl Pollutant Standards air] 

ppb parts per billion 

, ppm . ' parts' per million j 

,quad quadrillion British thermal units 

RCC Resource Cortseryation Committee (EPA) t ■ 

rad ' radiation absorbed dose , ■„ Man , ] 
Z ' . roentgen'equivalent.man [a unit of radiaW* dose equivalent] 

SCS ' < Soil Conservation Service (USDA) 

' Standard Metropolitan Statistical Area . • 
Storage and Retrieval of Aerometric Data (EPA) < 
sulfur oxides * ' ■ , 

sulfur dioxide - ■ • - 

Storage and Retrieval [ol water data] (EPA) . ■ 
(2,4-Dichlorophenoxy)ac$c acid + esters 

total suspended particulates. . 
UN ■ United l#ons 
UNEP '"' U.N. Environment Program. „ (iw , 
UNESCO U.N. Educational, Scientific, and Cultural Organization 
UPGRADE - User Prompted^raphic Data Evaluation system (CEQ) 
USDA U.S. Department of Agriculture 
USGFO U.S. Government Printing Ollice 
USGS' U.S. Geological Survey (DOI) 
WRC : U.S. Water Resources Council ; 
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Maps haje been drawn at the following 

■ approximate scales: „ . 
fulhpag^idth, 1:22 million (see .1-3, p. 4 for 
example): three-quarter page, 1:31 million 
(see 1-1, p. 2); half page, 1:44 million (see 
5-7' pi5); and one-quarter page width, * 
i (see 7-11. p. 129). i> , 
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Conversions 



English to metric 



.Weight (or mass) 

Avoirdupois (avdp)-tor weighing 
■ ordinary commodities 
1 Troy— tor weighing precious metals, 
' jewels, etc. . 

Grain (gr)(avrjp) ' 
; = 0.065 gfam (g) . , • 

• Ounce. (oz)(avdp) or 437.5 gr (avdp) 
• : or 16 d ra ms (dr) (avdp) ■ : - ■ 
••' = 28.350 grams (g) 

• ...Pound (lb)(av(fp) ur 7.00p gr (avdp) 
. or 16 02 (avdp) 

. = 0.454 kiiogram (kg) 

■ \ ■• ■ • 

Hundredweight (cwt)(avdp) 
or 100 Ib (avdp) 
''" = 45.359 kilograms (kg) 



Acre or. 43.560 f I 2 , 
.a 0.405 hectare (hai^ 

Square mile (mi 2 ) or 640 acres 
= 2.59 square kilometers (km 2 ) 



Volume (or capacity) 

Liquid. 

i 

Fluid.ounce(lloz) 
= 29.573 milliliters (ml) 

Pin! (pt) or 16 II oz 
= 0-473 liter (I) ' 



ip)lf 2,0i 
ic"7on ■ 



■ Ton, short (avdp) $f 2,000 lb (avdp) 
a.0.907'metric*1 

| .'Ton. long '(avdp) or 2.240 lb (avdp) 
= 1.016 melnc tons 

Ounce {oz) (troy) or 480 gr (troy) . 
= $1 104 grams (g) 

-Pound (lb)(troy) or 5, 760 gr (troy) 
or 12 ounces (oz) 
= 0.373 kilogram (kg) 



Length and area 

-Inch (in) . ,' 

*.-,= . 25.4 millimeters (mm) J 

. t i 
Foot (It) Of 12 in I 
'i= 0.305 meter (m) 

Yard (yd) or"36 in of 3 ft 
■ = 0.914 meter (m) 

h Mile (mi) or 5.2B0 It 
"':■■= 1.609 kilomelers (km) 

Square inch (in 2 ) 

;-/b 6.452 sqyare centimeters (cm*) 

Square loot (ft 2 ) or 144 in 2 
' = 0.093 square /meter (m 2 ) . 

^. Square yard (yd 2 ) 
: 0(1.296 in 2 or 9 It 2 * 
*■ a 0.836 square meter (m 2 ) 



Quart (ql) or 32 (I oz or 2 pt 
= 0.946 liter (I) 

Gallon (gal) or 8 pt or 4 qt 
= 3.785 liters (I) .. 

Dry 

PinHRfl ■ a 
="0.551 cubic dbcimeterldm J ) 

Quart (qtj of 2 pt 

-= 1.101 cubic decimeters (dm**) 

Pesk(pk) or B ql 

= 8.B10 cubic decimeters {dm ) 



Bushel (bu) or 32 qt 

= 35.23B cubic decimeters (dnrr) 
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Metric to Endlish 



Weight (o/mass) 

Avoirdupois (avdp)— for weighing 
ordinary commodities 
Troy— for weighing precious metals,* 
jewels, etc. , 

' - ■ 
Microgram 0*y) v 
= 0,000001 g f 

Milligram (mg) 
a 0.001 g 

Gram(g) 

=- 0,035 o: (avdp) /' 
= 0.032 oz(licy) 

Dekagram (dag) bf 10 g 
'= 0.353 oz (avdp) 
= 0.322 oz (troy) ■ 

Hectogram (hg) or 100 g 
= 3.527 oz (avdp) 
= 3.215 oz (troy) 

Kilogram (kg) or 1,000 g 
= 2.205 lb (avdp) 
= 2,679 ib (troy) 

; Metric ton or 1 ,000 kg 
. a 1.102 short tons 
= 0.984 long ton . 



Length and area 

Millimeter (mm) Of 0.001 meter (m) 
= 0.039 inch (in) . 

Centimeter (cm) or 0.01 meter (m) 
= 0.394 inch (in) • - < 

Decimeter (dm) or 0.1 meter (m) , 
="3.937 inches (in) % .. • 

Meter (m) 

a. 3.2B1 leet (It) 

• Kilometer (km) or 1,000 meters (m) 
' =.0 621 mite (mi) 

Square millimeter (mm 2 ) 
df 0.000001 square meter (m 2 ) 
. f 0.002 square inch (tn 2 ) 

Square centimeter (cm 2 ) 
\6r 0.0001 sqUare meter (m 2 ) 
= 0.155 square inch (in 2 ) 



Square decimeter (drrr) 
orO.01 square meter (m 2 ) 
a i 5.5 square inches (in 2 ) 

/ ? 
'Square meter (rtr) 



= 10.764 square leet (ft 2 ) 

m • \ 

Hectare (ha) g ' 
or 10,000 square meters ^m 2 ) 
' a 2.47 1. acres . 

Square kilometer (km 2 ) 

Of '1,000,000 square meters (m 2 ) 

="0.3B6 square mile (mi 2 ) 



Volume (orcapacity)' 

Milliliter (ml) or 0.001 liter (I) 
= 0.034 II oz (liquid) 
= 0.002 pt (dry) 



Liter (I) 

= 1.057 qt (liquid) 
' = 0.908 qt (dry) 



Hectoliter (hi) or 1Q0 liters (I) 
= 26.41Bgal (liquid) 
a,2.B38bu(dry) 



Units of energy 



British thermal unit (B.1u) 

= 1,055 "Joules 

= 0^252 kcal / 

Calorie ' 
a 4.184 Joules 

Foot pound (tt Id) .* 
a 1.356 Joules 
= 0.000324 kcal 

Horsepower hour (hp-hf^ 
a 2.6B4.500 Joules 
a 641 kcal ' " 
. a 2,544' Btu • / 

Joule (J) 

= 0.00024 kcal 

= 0.0009478 Btu. 

Kilo calorie (kcal) 
a. 4,184 Joules r f . 
. a 1,163 wait-hours 
, a 3.96B Btu " . 

Kilowatt-hour (kWh)- ' 
= 3.600,000 Joules 
a B60 kcal J 
..a, 3,413 Btu ' ' . 1 
. a 1.000 watl-hours " , 

Quad 

a 1 quadrillion Btu , 

Watt-hour 
a 3.600 Joules 
a 0.86 kcal 
= 3.413 'Btu 



for more information on conversion, 
calfor write th'e'iMetric lnlorma1ion : 
Office. U.S: Metric Board. 1600 Wilson 
Boulevarot 4th floor. Arlington. VA 
22209 (703-235-2820). '• . 
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ERIC 



acid rain, 284 

acrylonilrile . ' 

. production, 100 ' *> 

uses and ellects,90 
Africa, population, 297^ 298,^302 
African elephants 

"population 32/! 
.agriculture (see cropland) 
air quality, 271-293 iV> 
. -acid rain, 284 • 

ambient conditions, 27-^284 

'carbon monoxide, 272, 274, 280. 

/ 285 
' /.cpmpliance, 290-291 ,;' . • 
' emissions, 285-291 ,' 

hydrocarbons, 286 

irj Standard Metropolitan Statist!- 
• xal Aims; 275-279 ,'\ ' 

lead. 273. 283, 292 (tech, note 

;"•/.. 12-3) 

- metals, 273, 283. 
■'.nitrogen dioxide, 273, 274, $2 
; ■, nitrogen oxide, 287 
■ l ozone, 272, 274, 2B0 ■ 
pollutants, sources and effects. 
272-273 

■ respirable particulates, 273 
* . Standards, 272-274 . 

.'sulfur dioxide, 272, 274, 281' 
sulfur oxide, 288' 

■ total suspended particulates, 273. 

274,281,289. • 
aircraft\62, 
airports \ 
./ noise, 72 

■ airwsvs 62,65,67 ' 
:Alabuiij River : 

; : water quality, 243,247, 251 

alachlor ■ ■ 

by farmers, 
: aJdrin v .' ■ 

: residues in humans, 98 * 
. residues in water, 96 • 

residues in wildlife, 97 
iy use by farmers, 95 
; ; : uses and effects, 90 
( "see a/so dieldrin . 
"aluminum . ' :. ; 
•••consumption, 78, 80,' 82 . 
: recycled, 8/ «■ 
."'ambient conditions 1 ■ 

. air quality, 275-284 
"•water quality, 240-254 
jva^hihi^ 148-149. 167, 170-17.1 
: : ;a[j£p^"hdmes,55 • 



arsenic 

ambient concentrations in water, 
. 252 

cancer associated with, 108 
Criteria, 260 fleck note U-2J 
primary demand, 106 
uses and elf eels, 91 

asbestos , , ■ 

cancer associated with, 104 

flow in the environment, 101 

primary demand, 100 

uses and effects, 90 
• sources and effects, 273 
Asia, 297, 298, 302 .'. - 
I atmosphere 

global issues, 330-332 
atrazine \ \, 
: use. by farmers, 94 
automobile, 62-65, 67 . 
; ; emissions, 70" : 
. energy intensity, 68 

energy used, 6$*' 

, fuel economy, 69 

noise, 71 

number of vehicles, 62 
• passenger travel, 63, 65 ( 
. standards, 69, 70 , 

transportation to work, 64 , 



bald eagle, 168.. 170 . . 
Bengal tiger 

population, 322 
'benzene , 

production, 100 

uses and effects, 90 % , ; 
beryllium 

sources and effects, 273 
bicycles, 62 
biosphere, 295-333 
'atmosphere; 330-333 

.land use, 304-317/ 

oceans, 324-329 

population, 296-303 
' wildlife, 318-32^. ' 
birds, 152-159, 166-170 

population, 154, 157, 159 

threats to, 158, 159 

see a/so ducks ' , 
Black rhinoceros. 

. population, 322 
•boats, 62, 71 

•Breeding Bird Survey, 153, 172 
, (lec/inoteflC 



Brown pelicans, 159, 169 
beau of Land Management lands, 

127, 13$, 150' 
buses, 62, 63, 67.68,71 



cadenium 1 
ambient concentrations in f air, t 

283 ■■" 
ambient concentrations in water, ' 

" * 253 / ■ ' 
cancer associated with, 108 

' criteria for water, 260 (lech note 

primary demand, 106 " 

.uses and effects, 91 
California condor, 168, 169 ; 
Canada _ ' ' ' .... 
■ energy, 188 
camping, 34 J 36 
cancer associated with toxic sub' 
stances, 103, 104, 108, 114; 
carbofuran ■ 

' use by farmers, 95 \ 

carbon dioxide . 
' ambient cdhcentrationsin air, 

332 - 
carbon monoxide _ 
ambient concentrations in air,, 

280 

emissions, ,70, 285 
standards; 70, 272 
carpoois, 64- 

central cities, 8, ; 10, 48, 50, 56, 64 , 
cesium-137 

effects, 91 . f 

residues in milk, 112 
chemicals' 

cancer associated with',103, 104, 

-108,114 ' • 

Mtow in.the environment, 101, 107 
production, 92,33. 100, 106' 
residues, 96, 97,98,102,112 ■ 
use, 90-91, 94, '95 r v ' 

• see a/so toxic substances, 
specific cteffl/ca] m 

ch'oidane : 
residues in water, 96 ' 

chlorofluoromethane 
production, 331 

chromium . 
primary demand, 106 • • ' » 

climate, 3, iSfiec/i/ioie>2) 1 

CO (see carbon monoxide) 



coal '■ , * 
acid mine drainage, 192 
consumption, 78, 80* B2. 176-177 
deaths from mining, 193 
fuel cycles; 189" 
heating, 184-185' 
impacts, 192, 193 , 
location of fields, 190 
nei trade, 

production, 178-180, 191 
reclamation of land, 192 
surface land used, 192 
surface mining, 191,193 ■ , • 
underground mining, 191 r 193 ■ 

coasts . . 
modification from dredging ^rid | 

•• filling, 164 ^3.' 
• population density, "7. \ 

protection, 20, 
Colorado River 
, water use, 224-225* 
Columbia River 
. water quality. 242/246. 250- 
compliance 

industrial emissions, 290-291 
critical areas, 15-44 

hlsto/ic places, 36-37 . • 
-parks, 28-35 •' ' 

risk zones. . 

wetlands, 16-21 . 

wild areas, 22-27 
' cropland, 49, 118-125 ■■ - 
. agricultural inputs, 'United States, 
322-123 , ■ 

agricultural inputs, world, 31fi[( 

agricultural production, 121,314 

arable land, world 312-313 

erosionJ24 ' ) ■ 
~ irrigation, 123, 220, 221, 315 ; 

location, 118: . 
; pesticides used on,* 94, 95 

prime farmland, 119, 120 

.use, 119 • 



DDT • . • A ; 

residues in birds, .97, 159 
,, residues in fish, 97, 264f 

residuesin humans, 98 

residues in mussels and oysters, 
268 , . 1 

residues in water, 96 
• use by farmers, 95 •" ' 

uses and effects, 90 



deseftificilion, 310-311 . 
Delaware Rivets , , 

water quality, 243, 247, 251 ■ 
'dieldrin* ^ , 

residues in birds, 97, 159 
„ residues in fish, 97, 264 ;, 

see a/so aldrin ( 
.discharges to water; '255-257 4 
dissolved oxygen . t, 

ambienl concentration in rivers, 

; ' 244-247 -' \'v V, 
.criteria for water quality, 244, 

260 (lech, "note ff : 2J / 
' sources and effects, 239. . 
ducks . : ', 
. .distribution, 156 . ' ' ' .: 

. ' haT^est, 158 "" v ':"" ; -" : " 



population, 1 57 V • 
dumps, B4,.88(tec/i. nofe 



eartoakes 
lives lost, 42 . 
location, 41. 
property damage, 43 



appliances in homes, 55 .' 
energy, consumed, 181 182 : - 
■heating, 184-155 ' ... 
production, 200, 205 t 
water used by electric utilities, . 
220-221 / : v.-. 
'emissions - 
auto, 70 

pollutants in air, 285-291 ■ < 

energy, 175-208 ' 
consumption, 176,, 177, 181-183, 

".: 186-188 - 
environmental impacts, 192-193, 

, 201. • ■ '/ 

farm use, 123 ;• " . .. 
fuel cycles, 181,189, 197 ■ ' "■ 
■industrial uses, 182,183, 188. 
international comparisons, 186- 

188 /y./ : y: : ^>y 

location of resources, 190, 194, . 
• 204;-,' 
,: losses, 181, 188.. • 
net trade, 178 : 
pipelines. 62, 

production/178-181 /191 t 195. 
, 200/203,205 
■ renewable sources, 206 ^ 



*: (energy, con/.) ' 
residential and commercial use, 

182-185,188 
residential heating, UJ4-1U5 
IranspfirSatron use, 67, 68,182, 

• 183, '86 
see also coal, electricity, geo- 
thermal resources, hydro- 
power, natural gas, nuclear 
,.,'power, oil, pipelines, solar 
/ energy 
erosion, 124 
estuary 

* modilicaflbnlrom dredging and 

lilling, 164 ( 
ethyl parathion 

use by farmers, 95 ; . 

uses' and effects, 90 
ei;!fOphicalion,248,262 



.farms 

, : . energy use, 12? 
N see also cropla'nd 
fecal coliform bacteria, 239-243 
ambient concentrations in rivers, 

240-243' 
.. criteria lor. water quality, 240,' 
■ ; •.. ■260f/ec/i.noleff-2) 

■ . sources and effects, 239 ' 
.fertilizer' 

use. United States. 122 
use. world, 315 a , . , 
liies; 134 

lish. 160-165, 171 V 

• catch, United States, 161-163 

catch, world, 325 '" 
killed by pollution, 165 
toxic residues in, 97,102,264 

floods 4 

■ area'allecled, 39 

- lives lost, 42 . { . 
■location, 216 

population affected, 39 
• property damage, 43 ... . 
' forest%126-137- • 

area. EW29 
■ ;. coHdition;i34 

defoliation, 134' 
..■■ecosystems, 128 

growth, 130-132 
/harvest, 130-133 
.. location, 126 -r 
;/ - V 127,131,132,135,136, 

ERJC 



Ownership, 127, 131, 132 

recreational use, 135, 136 

reforestation. 134 
' tropical moist forests, world, 
.306-309 

wildfire, 134 
'Fwnce _ ■ 

energy, '188 
luelwood 

consumption, 176 

harvest, 133 

production, 178 ■ 
fungicide • - 

produclion, 92 



■ gas (see natural gas) 
geolhermal resources 0 
consumption, 176-177 
electricity produced from, 205 
location of resources, 204 ■ :.. 
produclion, 178-180 

glass. 
■ recycled, 

solid waste disposed, 86 
Golden lion marmoset 
_ population, 322 

Great Lakes . t 
' toxic residuesjn fish, 264 
; water quality problems, 263 , 
gross domestic product, 186-187 
ground water (see water resources) 



hazardous waste, 85, B8 (lech, note 
' 5-6J 

HC (see hydrocarbons) 
heplachlor epoxide 
residues-in humans, 98 ' 



production, 92 ! •"' ■ 

use by farmers, 
highways, 67 ' ■ 
historic places, 36-37 ■ ' 
' housing. . ■ 
' characteristics, 52, 53 
■ condition, 54 . 
...electric appliances",: 55 
' energy cdnsurned, 181-183 : 
' facilities, 52, 53 .', 

fuel used lor heating, 184-185 

multifamily. 50, 53 . ••' 

public opinion, 56 

single family, 50, 52 



size, 52, 53 

structure, 52, 53 

units, 50, 51 
Hudson River 

water,quality. 243, 247. 251 
human settlements, 45-60 

housing conditions„52-56 
• housing units, 50-51 

neighborhood conditions, 56-59 

settlement patterns, 45-49 

see also housing, neighborhood 
hurricanes ■ 

lives lost, 42 

location, 40 . 

property damage, 43 . 

hydrocarbons . 
emissions Irom all sources, 286' 
emissions (rom automobiles, 70 
sources and ellecls^72 
hydropower ' / 
. consumption, 136-177. . ■ 
production,. 1/-181, 203 



induslria/chemicals, 100-105 .. 

cancer, associated with, 103,104 

How in the environment, 101 : 
.'production, 100 , 

residues in humans, 102 

residues in wildlife. 102 
industry . . 

compliance with air pollution 
. standards, 288, 289 

energy consumed by, 181-183 

hazardous wastes, 85 

solid wastes, 84 * 
insecticides ».. 
- production, 9? 93 " 

use by farmers. 95 . 
' international energy consumption. 
.: -186-188 ' - • ." 7 ' 
irrigation r ' • 
■ area covered, :World, 315 ' 

.water use, United Stales, 123, 

■ 220-221 ■ ' 

' Italy ' 
energy, 188 



Japan , ; 
energy, 188 



Kemp's ridley turtle, 

■ population, 171, 322 

Key deer, 168,169 

, krypton-85 
residues in air, 112 
sources and effects, 9t 



landfills. 84, 88 (lech, note 5-5) 
land use, H7-146 
in Standard Metropolitan Statisti- 
cal Areas, 
landfills, 84, 88 (lech, note 5$ 
physical characteristics, United ■ 

Slates, 2 
world Issues, 304-317 

■ see also biosphere, critical areas, 
.' ' cropland, energy; forests, ■ 

rangeland, transportation 

. lead , '"••'* ;•'..: 
ambient concentrations in air, ■ 

■ -283 : ■' - - 

■ ^ambient concentrations in water, 

: ■ 253 V ■•'>'.•■ ■ 
cancer associated with, 10B : . 

cbracterislicsin.air.273 

criteria for water quality. 260 ■ 

(lech note 1 1-2) 
primary deman^06- 
, residues in mussels and oysters. 

269 ■ 

standards lor air, 273 ' 1 

uses and effects 91 *. ■ 

lumber 
consumption, 79,81,83 



malalhion . , 
■ ' residues In water, 96 , . 
.mammals, 148-153, 166-169, 

population, 150-151 

threats to, 152 - 
material use, ,75-84 

consumption, 78-83 ',<■ 
■ flow ot materials, products, 

" wastes. 76-77 . 
Mauritius kestrel : 

population, 322 •'.'.:■ 
mercury .. : v -' . 
■ ambient toncentralions in water, 

252 *' ■ ,''••' 
Veriteria lor water, 260 (lech, note 

\ n 

f\,v in ihe environment, 107 _ . 
. pnmary demand, 106-107..'.'; 



residues in lish, 264* 
uses and effects, 
metals, 106-109 . 
ambient concentrations in air, 
283 

ambient concentrations in water, 

252-253 . ' ■ 
cancer associated with, 108 . ;: 
consumption, 78, 80, 82 ' :,' ■ 
discharges to water, 255, 257 
.' flow in the environment, 107 
primary demand, 106-107 

recycled, '87 ■" 

residues in lish, 264. 
' residues in mussels and oysters, 
269 " ' ' . 

solid waste disposed, 86 ''l 

sources arc effects. 91. 239, 273 
'see also' speci/ic meial >:' ;.■■ 
methyl parathion 
. use by farmers, 95 , '.. 

• :, uses and effects, 90 ' {■)'■}■■■ 

minerals : .'■ J '■ - 
consumption, 78, 80, 82 . v 
Mississippi River. 
water quality; 243, 247,- 25t 
.water use, 228-229 . ■ V;;V;-'. V 
issouri River ■ ,.>:,, 
later quality, $3, 247, 2S1 . ^ 
late' use, 226-227^ . • ' 
mobile homes, 44 (lech, note 2-22),' 

50' ' " y 

, , ' . i\ rj ■ ■ • 

r ■ ■ ni . , 

S'Uiorcyiiles, 62, 63,-71 

motor vehicles (see transportation,' 

speci/ic mode) . 
Mountain gorilla 

• population, 322 . ■.■'•i 
municipal sewer facilities ; . 

. 'discharges to water, 256-257 . 
- population served by, 258-259 >. ; 
Mussel Watch Program, 268, 269 
; ' (,'ech. note 11-21) ' . •• 



NASOAN,240,241,244,245,248,, 
> 249, 260 (lech. (iote.7/'2J ; . 
' National Ambient Air Quality Stand- 
ards, 272-274 ..v''\ 
National Forests; 127. 131, 132^;K 
• : 135.136/ 151 ' 
National Parks. 28-35 ..\; : •'•:..';;;;•••■;• 
National Pesticide Monitoring Pro-: 
gram, 97, 99 (tech. note 67) 



National Register ot His"onc places 

36-37 . \ 
National Wild and Scenic Rivers 
System, 25, 26 



"fecal coliform bacteria 
phenols in, 254 
phosphorus i 
water use,23(F23l 




National Wilderness Preservation oil 



■"; System, 22-24 ' >y 
natural gas i 

consumption, 79,6183, 176- 177 

fuel cycle, 189* ' ■ 

healing, 184>185 
; location of fields, 194 

location of LNG facilities, 196 

Tlet trade, t/8 
, , production, 178-181, 195 
neighborhood 
■'deficiencies, 58, 59 

public opinion, 56 
; services, 57 
Nelherlands i 

■ Vyergy, 187, 188 
nickel 

ambient concentrptiORS in air, , 

.,-283 . ' t 

primary demand, 106-107 
nitrogen dioxide 

ambient cpncenliai -iti, ?C 
/ : emissions, 70/28/ 
• sources and effects, 273 . 

■ . standards, 273-274 / 
noise ; '" 

. airports, 72 

/ 'nfolor vehicles, 71 . 

■ public opinion, 58, 59 
nonmetropolitan population, 8, 10. 
; . : 48, 50. 56, 64 

nuclear power 

■ consumption, 176-177 
^.electricity produced. 200 
.fuel cycle, 197 

■ production, 178-181 
"■ radiation, 110-115 

reactors, 198-199* 
waste disposal sites. 202 
! ./waste disposed of, 201 



: oceans 

;, , areas of pollulion/326-327 
dumping, United States, 266 
/' fishcalch. world, 325 , 
; : global issues/324-329 ' 
I oil spills, world. 328 
Ohio River , 

o <ygen in, 247 

ERIC, ( 




^nsumption, 79, 81, 83, 176-177 
healing, 184-185,. 
location of fields, 194 
net trade, 178 
\ pollution in oceans, 326-32 
\. production, 178, 181, 195 
spills,' United States, 267 
spills, world, 327, 328 
oxidants, 272 
\see a/so ozone 
oxychlordane 

residues in humans, 98 
ozone ■ ' 
'ambient concentrations, 289 
sources and effects, 272 
standards, 272 t 274 



• paper ' 

disposed as waste, 86 

recycled, 87. 
parathion y 

'use by farmers, 95' 

uses and effects, 90 
parks, 28-35' .. . * , 

' acreage, 3 1.' 1 ■ - 

• location, 29 
National, 28-35 ■ . 
number, 30 , 

• representation, 32 
•State, 31, 33 

visits; 33-35 
■ ' pasture land, 49. 119 
PCBs 0 
.production, 100-101 . 
"residues in birds, 102, 159 
'.residues in fish, 102, 264 .. 
residues'm mussels and oysters, 
268 ' ' 

• uses and effects, 90 
pesticides, 90, 92-99' 
., production, 92-93 

residues in fish, 97,264 
residues in humans, 98 Mj 
residues in mussels and oysters, 

, m v 

. residues in-valer, 96, 239 
residuesin wildlife, 97 
, use by farmers, 94, 95, 123 
' ' uses and effects, 90 '.;!■ ."..V 



^ r o;eum(soeoil) ,/■ 
phenols, 254 

phosphorus, 239, 248-251 * ; 

ambient concentrations in mi 
248-254 \ 

criteria for water qua.i|y, 248/260 
[(ec/i.nole/! : 2j \ ' 

discharges to water, 255, 25-A* 

sources and effects, 239 'j 
phthalates ; , ' 

production 100 

use/and effects, 90 
pipelines, 62, 65-67 
plastics, 78; 80, 82 
pollutants \ . " 

air, 272-273 ,' 

toxic substances, 90-91 

water, 239 
Pollutant Standards IndeX. 274-279 
pollution 

fish kills, 165 

oceans, 326-329 •■" 

S??e a/so air quality/' w quality 
polychlorinaled bipteyis (see 

PCBs). 
pplyvinyl chloride ' 

'cancer associated with, 103 
population, 1-14 . 

cancer rates, 103, 104, 108, 114 

/central cities, 8,10,48:50,56,64 

coastal 7 

density, 7, 48 

distribution, 4, 6-13 

exposure to radiation, 110-111, 
113i 

Hooding, affected by, 39 

fwth, 5, 8-13 ■ 
wth rates, 5, 6 
metropolitan, 8-10,48,50; 56. 6^ 
migration, 10 

nonmetropolitan, 8, 10, 11,48, 

50,56,64 
projections. 5, 12 
region, 6 . 

sewer facilities, 258-259" 
Standard Metropolitan Statistical 
Areas, 8-10, 13 [tech. note 
. MO;, 46-50, .56, 64 
. suburbs, 8, 10, 48, 50, 56, W , 
, total, 4, 5 . 
! toxic residues in, 98, 102 ' 
United States, 1-14' 
urban regions, 12' ' 



wildlife, 150, ^1,154,157,159, 

. 168,169-171,320-323 
' world, 296-303 ' 
Potomac River 

water quality, 243, 247,251 
prime farmland, 119 ( ;120 J 
PSI (see Pollutant Standards Index) 
public opinion 

housing, 56 . . * 

neighborhood/59' 

noise, 58-59 
publ'C transportation, 64 

public opinion, 57 



radiation, 91, 110-116 • 
cancer associated wUv 114 
exposure, 110-111, 113 
residues in milk and air, 112 \ 
sources and effect^. 91, 239/273 
waste disposal sites, .202 ■" 

wastes dinged of, 
railroads, 62, 63, 65, 67,68,71 
ranged, 138-145 

art 1, 140-141 

ecosystems, 140-144 ■ ■, 

location, '138 . " 

ownership, 139 

productivity/144 

.quality, 142-143 ' 
recreation / '' 

camping, 34 , ■ i 
■ National Forests, 135-136//: 
recreational vehicles, 34, 63;, 71 
recycling, 77. 86.-67 (/ec/i.tyfe'SI) 
Red River 

water quality, 242, 246, 250 

■water use, 226-227 . 
reptiles, 148-149, 167,170-171 
resource' recovery, 77/87 {tech, 

note 5'/)' ,'. i 
Rio Grande . , v 

water quality, 242, 246, 250 
" water use, 226-227 
risk zones, 38-44 

earthquakes, 41-43 

lloods/39,.42,43 1 ' 

. hurricanes, 40..42, 43 

lives lost, 42 ;' 1 

property damage, 43 
'. tornadoes, 41-43 
roads, 62 
rubber 

recycled, 87 .: 



*SMSA (see Standard Melropolltan 

Statistical Area) 
snowmobiles, 63, 71 / 
sola] energy. 1 '* 

collectors manufactured, 206 . 
solid waste, 75-77, 84-87 

consumer, 86-87 

industrial, 84-85 j 

ocean dumping, 266, . 

radioactive,' 201 / '! 
* see a/so waste 
Standard Metropolitan Statistical 
Area , J * , 

air quality in, 275-27S, 292 [lech 
nofe/23)' * 

definitions, 14(lec/i. nofe /-JOJ . ., 

density, ,48 

growth/9,10 ■ ' 
•■■ housing in, 50 
: ■ lijWJ tf»in ( 49 ■ 
locajion, 46-4? . 
, migration, 10 '. ; . 
. population. . 
' public opinion, 
■transportation, 61 
standard^ ■ 
auto emission, 70 
pollutants in air t 272-274 : 
pollutants in fish/264 ' y 
*pollutants r in 'wateT, 240, 244, 
; . 248/260 fiecft.7iote ; fi-2) 
■ strontium-90 ,'. 
residues in milk, I 12 ; . 
sources and effects,, 91 
. suburbs, 8,10, 48, 50, 56, 64 
subways f -62, ( 71 . 
sulfur dioxide " ' 
ambient concentrations, 281 
sources and effects, 272 , 
' standards, 272, 274 
sulfur oxide '" '". 

emissions, 268 
Susquehanna River 

water quality, 243, 247, 251 
" Sweden . 
energy; 188 



Three Mile Island ; 
• radiation exposure, 113' 
timber (see lorests), 
tornadoes' :./■'. * ■ 
; lives lost, 42 

location/41 

properly damage, 43 
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total suspended participates 

antenl concentrations, 281 
, omissions, 289' 

sources and eliects, 273 

standards, 273, 274 . 
lw.phene , * , 

residues in wildlife, 97 
, use by farmers, 95 
. uses and effects, 9(1 ■ 
toxic siibsia^s, 89-116 

cancer associale*dwitti,103, 104, 

108,114-115 
flow in the environment;' 101, '107 

industrial chemicals. 100-105 1 
metals, 106-109 
parades, 92-99 
. production, 92. 93. 100, >06 
nidation, 110-116 
residues in humans. 98, 102 
residues in mussels and ofsters. 

, , 268-269 
• residues in water, 96 ■; 
residues in wildlife, 97, 102, 159, 

264 

use by farmers, 94, 95 
uses and effects, 90-91 \ 
see a/so ^pectfrc 
trifluralin, 94 

: trains,62,63 t 65,67,68 ( 7 1 
transportation, 61-74 , 
commuting, 65 

energy used, 67:68,18*1-183 . ■ 
emissions, 70, 285-289 *\ 
"tfeighi, 65-66, & w . » 
impacts on the environment, 67- 
72 

networks, 62 
noise, "7 1 ,72 
, passenger, 63-65, 68 
use of the system, 63-65 • 
vehicles, 62-63 ' 
■ 4 :ee a/so specffc moc/e » 
trucks. 6Z 65. 67, 68,71 . 
TSP (seetotaf suspended 
particulates) • 

, 2,4-D 
' residues in water, 96 
: use by farmers, 94 1 
, uses and effects, 90 



/■United Kingdom i 
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vinyl Chloride 
cancer associated with, 103 
production, 100-101 
sources and eliects, & 273 



waste 

energy lost, 181 , 1* 

radioactive, 201,202 

seeab solid waste, tazardous 
waste 
watei cuai % 237-210 

amtji^tco'nditfs, 240-254. $2 

rt criteria. 240. 244, 248. 260 (fech. f 

note If i) . ■ ! 
disonarges, 255-257' \ > 
dissolved oxygen, 239. 244-247 ; 
eutrophication, 248, 262 / 
fecal colilorm bacteria JI8-243 
. Great Lakes; 263 ' ' . 
lakes, 262-264 
metals, 252-253 • 
municipal sewer facilities, 256- 

.'259 '* ' ; 
ocean dumping,.266 :' 
oceans, 266-269, 326-327 ■ 
oiljspills. 267.327. 328 
phenols, 254 , 
phosphorus, 239, 24Bt251 1 
.. population With sewer facilities, 

" 258-259 ■ 
' rivers, 240-259 „ 
toxic residues in fish, 264 
toxic residues in mussels and 

oysters, 268-269 
toxic residues in water, 96, 252- 

253 , ' ■ ■ 
violatiofi rate definition, 260 
{lech mte lf-2) 
watef resources, 209-236 
■ consumption, 219, 221-235 
distribution, 212-218 , 

floods, 39, 218' ■ . 
,, ground water availability, 213 
ground water overdraft, 215 
I, ground water withdrawals, 214 . 
hydrologic cycle, 210 
irrigation; 123, 315 . K 
precipitation. 212 ' 
regional use, 222-235 . 
- stream'flow. 216 
surlace water, 216-218 ; • 
Water Resources Council regions, 
211. 236 (tecft note 10-2)' 
withdrawal. 219. 220^222-235 



use, 219-235 
Water Resources Council, 211, 236 
(tech. noie 10-2) . : 
waterways, 62, 65, 68 
West Germany 

energy, 186, 188 
wetlands, 16-20 

acreage, 18-13 

location. 17 

lost, 1$ ^ 

National Wetlands Inventory, 21 
(lech, note 2-1) ' 

protection, 20 ( ' 

use, 19 % ■■ , 

whales, 320-321 " / 
whooping cranes, ^'8, 170 
wild areas. 22-26- 

location, 23, 25 

NationakWifd and Scenic Rivers 

System, 25, 26 
National Wilderness Preservation 

\ System, 22-24 ' 

wildfires. 134 ' ' 

J wildlife. 147-174, 318-323 • 
Abundance, 147-157, jj60,J68- 

171 • 
amphibians. 148-149, 167, 170- 

' 171 
birds, 152-15.9, 166-170. 

■ critical habilats, 168 
endangered and threatened spe- 
. , cies; U.S.; 167-171, 173 

.. Yfec/r. no|e p „ 
endangered and threatened spe- 
cies, worldwide, .322 
extinct sbecies, U.S., 166, 173 
(tecli, note 8-1 7J' 
Uxtinct species, worldwide, 318- 

319 1 ■ '• 
fish, 160-165! 171, 264 

lish crich. U.S.. 161-163... .. f 
lish catch, world, 325 
mammals, .148-152, 166-169 
populations, ,150, 151, 154, 157, 
159,168-171,320-322, 

predator control, 152 
reptiles, 148-149, 167.170-17V 

threats to,'152, 158, 159,161- 

' '166,169-171 

toxic residues in, 97, 102,159, 

264,268-269 
United Slates, 147-174 
whales. 320-321 ;•. 

■ world issues; 318-323 ■ 
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world 

atmojphere. 330-333 
' lanC use. 304T-317 
oceans, 324-329 
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